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In this project, (1) mono-, tetra-, and octa- P -aryl and p-alkyl substituted non-
bulky tetraphenylporphyrins and bulky tetramesitylporphyrins have been synthesized 
through Suzuki cross-coupling reactions with the p-bromo porphyrins. Furthermore, 
X-ray analysis has revealed the planar structure of H2TPP(Ph)4, slightly ruffled 
structure of H2TPP(Me)4, and saddle structures of H2TPP(Tol)8 and H2TMP(Ph)8. 
(2) meso、Z?em-Linked diporphyrins have been synthesized by two Suzuki cross-
coupling reaction—Alder's condensation sequences. Some homo-, hetero- metal 
complexes have also been prepared. Selective metalation of Zn has been found to 
occur at the p-substituted porphyrin in diporphyrin and the structure has been 
confirmed by an independent synthesis. Free base diporphyrins show split Soret 
bands due to excitonic coupling. The heterobimetallic Zn-Co diporphyrin complex 
shows strong fluorescence quenching compared to the free base diporphyrin and 
mono-Zn diporphyrin complex, likely due to electron transfer. (3) Seven novel 
rhodium porphyrin complexes have been synthesized from the selective 
activation of a meta carbon-hydrogen bond of PhCN via the reaction of 
RhCl3 with porphyrins H2TTP, H2TPP(Ph)4, H2OEP, H2TMP(Ph)4, H2TPP(Ph)8 
and H2TMP(Ph)8 in refIuxing PhCN. Rhodium porphyrin complexes have been 
established from single crystal X-ray analysis to be m^ra-cyanophenyl Rh 
porphyrins. The proposed mechanism of the intermolecular arene C-H activation 
follows an electronphilic aromatic substitution pathway by PhCN at rhodium 
porphyrin chloride, possibly assisted by the highly polar PhCN solvent. One nitrile-
bridged coordination polymer has been identified. In the reaction with H2TPP(Ph)4, a 
rhodium imine compound characterized by X-ray analysis likely arises from 




Anal. analytical PhCN : benzonitrile 
^ u tert-buty\ ppm part per million 
• c degree Celsius Rf retention factor 
Calcd calculated RT room temperature 
d day(s) THF tetrahydrofuran 
DMF A^iV-dimethylformamide TLC thin layer chromatoraphy 
Et ethyl TMS tetramethylsilane 
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Chapter I Synthesis of p-substituted porphyrins 
1-1 Introduction 
The porphyrin core is a 187i-electron aromatic ring with low lying bonding 
energy levels (Fig. 1). Porphyrins are highly colored molecules with strong absorption 
in the visible light region due to the cyclic conjugated tetrapyrrole chromophore.l The 
absorption maxima are mainly n to 7i* transition in origin. The absorption at around 
400 nm with a large molar extinction coefficient of about 10^ is called the "Soret band". 
The absorptions between 500-600 nm with molar extinction coefficients of about 10^ 
are called "Q bands".2 
The porphyrins comprise an important class of molecules that serve nature in a 
variety of ways. They are the active sites of numerous proteins whose functions range 
from oxygen transport and storage (hemoglobin, myoglobin) through electron transport 
(cytochrome c, cytochrome oxidase) to energy conversion (chlorophyll). Furthermore, 
porphyrins have been proved to be efficient sensitizers and catalysts in a number of 
chemical and photochemical transformations. The mechanisms by which 
metalloporphyrins perform such diverse functions continue to be the focus of extensive 
spectroscopic investigations.^ 
s 
^ ^ ^ ^ Y ^ " ^ ^ ^ ^ ^ ^ - P p o s i t i o n 
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Fig. 1 The structure of a porphyrin ring 
1 
At the porphyrin ring periphery, substitutents are attached either at the so-called 
p_ and m^5o-positions. Substitutents at the P_positions of porphyrins are found to 
exert much large steric and electronic effects on the porphyrin ring than those at the 
meso-^vjX position.^ Porphyrin-derived multielectron reduction and selective oxidation 
catalysts,5 and porphyrin species suitable for incorporation into supramolecular system^ 
and imaging agent? all require the fabrication of porphyrins with peripheral substituents 
that confer unusual reactivity, electronic features, steric constrains, or binding 
properties. The P>substituents often induce the porphyrin ring into a non-planar 
conformation which may control the biological properties in tetrapyrrole systems like 
the photosynthetic centers, vitamin B12, coenzyme F430 and P-450.8 
1-1-1 Activation of alkanes: the biomimetic approach 
To gain further understanding of the molecular formation of P450, biomimetic 
models based on iron and manganese porphyrins have been used. Cytochrome P450 
and related coenzymes containing iron porphyrins have been shown to be biochemical 
aerobic oxidation catalysts (Scheme 1). 
Oxidations 
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Scheme 1 Catalytic cycle of cytochrome P-450 
2 
J. T. Groves et al B have firstly demonstrated that FeTPPCl (2) functions as 
the catalyst in the epoxidization of olefines or hydroxylation of hydrocarbons by using 
iodosylbenzene (PhIO) as the oxidant. The main problem for such a reaction is the fast 
oxidative degradation of these catalysts under the strong oxidizing conditions and the 
formation of catalytically inactive ^-oxo metal dimer.9,10 Much better catalysts have 
been obtained with Fe- and Mn-porphyrins bearing several electron-withdrawing 
substituents at each m. . . -ary l position." 3a containing eight chlorine substituents in 
ortho and ortho' positions of the m ^ - a r y l groups is an electron deficient 
metalloporphyrin. Furthermore, the ortho and ortho, substituents sterically eliminate 
the possible formation of ^-oxo metal dimer. 3a has been shown to act both as a 
ligand of Mn and as a base catalyst, serve as an efficient catalyst system. To improve 
oxidative robustness of catalysts, metalloporphyrins with electron-withdrawing 
substituents (Br, C1, F or SO3H) at the P_pyrrole positions have recently been 
prepared. The Mn and Fe complexes are shown to be the very efficient catalysts for 
hydrocarbon o x i d a t i o n . " 3b has been shown to give the modest yields in the 
catalytical hydroxylation of the poorly reactive substrate, heptane (Scheme 2). Its 
corresponding complex 4 (Fig. 2), however, is much more potent and has led to a very 
high yield of the formation of heptane hydroxylation products (total yield 78%) within a 
few minutes at room temperature (Scheme 2 ) . l 2 T h e main differences observed 
between the catalytic properties of the above two iron porphyrins may be due to the 
� increasing of the electrophilicity of the active species Fe(V)=0. 
3 
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Fig. 2 Some structures of p-substituted porphyrins 
Fe(TDCPP)CI 
^ heptanols+ heptanones 
total yield: 3 8 % 




Fe(TDCPCIgP)CI • heptanols + heptanones 
total yield: 7 8 % 
� regioselectivity: 43: 40: 16 (2’ 3 and 4 positions) 
Scheme 2 Compared yields and regioselectivities for the hydroxylation of heptane 
catalyzed by Fe(TDCPP)Cl and Fe(TDCPCl8P)Cl 
The planarity of the metalloporphyrins may play an important role in controlling 
the regioselective hydroxylation of alkanes. In fact, the presence of eight the P_Br or p-
C1 substituents has also been found to greatly modify the structure of the porphyrin 
ring. Recent studies of TDCPClgPH2 and TDCPBrgPH2 by molecular mechanics 
calculations and semi-empirical quantum mechanical calculations^^ have clearly shown 
4 
that all these compounds adopt a saddle-shape structure with pyrrole ring being tilted 
by more than 3 0 � . Thus, whereas TDCPPH2^^ which is a planar porphyrin with four 
meso-dxyl groups almost perpendicular to the porphyrin ring, 5 shows a saddle-shape 
structure with each meso-avyl group very much tilted in order to minimize the strong 
steric interactions between the meso-SLvyl and P_bromine groups. These structural 
differences between 3b and 4 may lead to a different accessibility of the corresponding 
iron-oxo intermediates formed in the presence of PhIO. This may be the origin of the 
different regioselectivities observed in the hydroxylation of heptane and pentane. 
1-1-2 Electronic effects in p-substituted porphyrins: 
The electronic effect of the p-substituted porphyrins is related to the energy 
levels of both the HOMOs and LUMOs. Lowering the energy level of the porphyrin's 
HOMOs is an important factor to be considered in the development of oxidation robust 
porphyrincatalysts.l5 
< 
1-1-2-1 Electrochemical behavior： 
A renaissance of interest in the electrochemistry of porphyrins and 
metalloporphyrins has been engendered by many people. An appreciable number of 
subsequent studies has been devoted to the electrooxidation-reduction of p-substituted 
porphyrins. Jordan's group has reported in 1979l6 that the effect of p-pyrrole 
substituents (OEt, C1, Br, SCN, CN, NO2) on the electroreduction of TPP is 
remarkably large, accounting for polargraphic half-wave potential (E1/2) shift as great 
as 0.35 V per substituent, which correlates linearly with Hammett's Gp'. 
Kadish's g r o u p l 7 has reported the electrochemistry of (m^5o-tetraphenyl-
porphyrinato)cobalt(II) complexes containing six, seven, or eight Br groups at the p-
pyrrole positions of the macrocycle (Fig. 3). Each compound undergoes three one-
5 
electron oxidations and up to nine one-electron reductions depending upon the degree of 
Br substitution. The first oxidation yields [(TPPBrx)Co"l]+( x = 6，7’ 8) while the first 
reduction gives [(TPPBrx)CoI]- where TPPBrx is the dianion of the brominated 
tetraphenylporphyrin. Cyclic voltammetry studies reveal a positive shift of the metal 
and ring centered redox potentials of the bromo porphyrins as compared to E1/2 for the 
reduction and oxidation of unsubstituted (TPP)Co. On the other hand, porphyrins with 
electron-donating alkyl substituents at the p-positions of the pyrroles are easier to be 
oxidized and harder to be reduced.l8 
Br 0 Br Br 0 Br Br 0 Br 
B r ^ V ^ B r " ^ y ^ B r ^ ^ ^ ^ ^ B r 
^ V ^ � x � ^ X t ^ 
B ^ ^ ^ Y ^ g ^ ^ i ^ ^ B r B r 4 ^ ^ Y V " B r 
-6 Br - 5 Br B. ^ ^ 
6, CoTPP(Br)s 7，C0TPP(Br)7 8, CoTPP(Br)g 
Fig. 3. Structures of cobalt bromoporphyrins 
1-1-2-2 Electronic spectra 
A systematic study of the effect of p-substituents on the electronic spectra of 
porphyrins (Fig. 4) has been carried out by W a l k e r . l 9 The electronic spectra show that 
the Soret bands are generally red-shifted to longer wavelength as ethyl groups are 
replaced by four, six or eight electron-withdrawing carbamonyl groups respectively 
(Fig. 4). 
Kadish,s group has also found that the electron withdrawing Br substituents 
produce red shifts in the Soret and visible bands which follow the order: 8 > 7 > 6 > 
(TPP)Co (Fig. 3).17 The overall magnitude of this shift ranges from 36 to 39 nm 
between the Soret band of TPP and that of TPPBrg. Soret and visible bands are also 
^ 
broadened with an increase in the number of Br groups. These results are consistent 
with a lowering HOMO-LUMO energy gap. 
• 
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OAPH2 Ri-Ra= -C-N(CH2CH3)2 14 
Fig. 4 Structures of the six isomers of substituted porphyrins 
1-1-3 Synthetic approach to P-substituted porphyins 
^ 
The chemistry of substituted porphyrins are of considerable chemical interest 
since the fundamental properties of the porphyrin macrocycle can be altered by 
incremental changes in selected substituents. The attachment of unusual organic 
moieties to the porphyrin periphery provides novel molecules in bioinorganic^O, 
inorganic21 and m a t e r i a l 2 2 chemistry. A short review of porphyrin synthesis focusing 
on p-substituted ones is listed below. 
7 
M - 3 - l : Adler,s method via substituted pyrrole: 
In 1965, Friedman has reported the synthesis of octaarylporphyrins (Scheme 
3).23 N-acetyliminodiacetate dimethyl ester (15) is condensed with benzil (16) in 
10% sodium methoxide to form 3’ 4-diphenylpyrrole-2, 5-dicarboxylic acid (17) in 
6 5 % yield. The scope of this pyrrole synthesis is extended by including the 
condensation of 尸-anisil，p-tolil, and o-tolil. The yields with the first two compounds 
are high, but lower with 6>-tolil which indicates the steric effect of the ortho-mQihyX 
groups in this condensation. 3，4-Diarylpyrroles are obtained by decarboxylation of 17, 
and then can be converted into the Mannich bases 20 by reaction with formaldehyde 
and dimethylamine hydrochloride. On refluxing with ethyl magnesium bromide, 20 
gave a nearly 50% yield of the desired magnesium octaphenylporphyrine (21). The 
magnesium complex 2 1 could be converted into the free porphyrin base (22) by 
adding acetic acid. The synthesis takes an overall of 5 steps with 50% yield. 
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Scheme 3 Synthesis of octaarylporphyrins 
^ 
\ \ 
Smith prepared dodecaphenylporphyrin (DPP) via the condensation of 19 with 
benzaldehyde in the presence of BFs- Et2O in 6% yield.24 Takeda et al increased the 
yield of D P P to 5 5 % through the direct condensation of 3，4-diphenylpyrrole and 
benzaldehyde in refluxing acetic acid for 20 h followed by oxidation with D D Q for 1 h 
(eq l).60a 
Ph Ph Ph 
V r " " 1 ¾ ' " 
0 + - H O ^ H ^ P h j H > - ⑴ 
N 2)DDQ P h ^ ^ y V ^ ^ < j : ^ ^ P h 
Ph Ph Ph 
19 
70a, 55% 
Octaalkylporphyrins have also been synthesized from the corresponding 3，4-
dialkylpyrroles. 2，3, 7, 8, 12，13, 17, 18-Octamethylporphyrin (OMP) (25) (Fig. 5) 
was synthesized firstly by Fischer and Walach^^ in 36% yield by heating 3, 4-
dimethylpyrrole in formic acid. Siedel and Winkler^^ obtained several P-octasubstituted 
porphyrins by heating compounds 23 and 24 with in formic acid. The yield of O M P 
was 46.5%. 
CH3 CH3 
R R H 3 C ^ ^ ^ ^ ^ ^ ^ : ^ ^ A ^ C H 3 
> i 卜 1 
H O O C ^ ^ X ^ C H ^ O H V N H 八 
H H 3 C ^ ^ ^ > V ^ C H 3 
R = M e , 23 CH3 CH3 
Et 24 Octamethylporphrin, 25 
Fig. 5 
D o l p h i n 2 7 synthesized octaethylporphyrin (H2OEP) with a very long procedure 
(Scheme 4). Bromination of 30 generated the labile a-bromomethylpyrrole (31) 
‘ fol lowed by immediately quenching with an excess of diethylamine. The 
pyrrylmethlamine 32 was saponified with ethanolic potash to yield the labile 
aminomethylpyrrole carboxylate salt 33, which was treated in situ with an excess of 
9 
acetic acid followed by refluxing in a stream of air. The crude product was refluxed in 
toluene to form OEP (52%). The overall sequence was 9 steps. 
NOH 
N E C - C H , - c o , E t _ 5 j ^ / Y Y 0 “ 隱 2 • / y ^ y O N / 
2g 0 0 cH3co2H n II 
27 83% 2® 
Y Y � i _ ^ p 
0 0 ^ // \\ NaBH4 f T ^ Br2 ^ 
^ c H 3 ^ N ^ ^ ^ BF30Et. ' c H 3 ^ N > Y ^ ^ “ 
CH3CO2H H 0 ^ 0 
29,55% 30'85%^ 1 
[ H ^ J ^ r y r ^ ^ r ^ r + K + 
B r H 2 C ^ N " ^ ^ N H 0 N H 0 
L H 」 
31 32, 90% L 3 3 � 
CH3COaH • H ^ N H H ^ ^ H oxidize ^ H ^ = ^ 
1 " 細 一 秘 
34 HsOEP 
25’ 5 2 % 
Scheme 4 Synthesis of H2OEP by Dolphin's procedure 
Sessler et al 28 improved the synthesis of H2OEP (Scheme 5). 4-Nitro-3-
hexanol (37) was prepared in 65% yield via the Henry reaction of propionaldehyde 
(35) and 1 -nitropane (36). 37 reacted with acetic anhydride in the presence of 
catalytical amount of c. sulfuric acid to form 4-acetoxy-3-nitrohexane (38) in 90% 
yield. 38 cycloadds with ethyl isocyanoacetate between 20-30 ®C to form ethyl 3，4-
diethylpyrrole-2-carboxylate (39) which was saponified to produce 3, 4-diethylpyrrole 
(40) in 40% yield. Diethylpyrrole was condensed with formaldehyde in refluxing 
benzene with TsOH for 8 h to give H2OEP in 66% yield. 
1。 1 
NOg 
0<；^^^^^«^ + O2N^^^^^^ KF/IPA ^ ^ - ' " ^ ' ^ > Y - ' ^ ^ ^ ^ ^ 
35 36 650/0 OH 
37 + Ac,0 ^ ^ / V ^ C . N > - C H . ^ C O . E t ^ " ^ _ ^ 
L : P A 9。％ S39 r 
0 ^ A ^ " ^ 
NaOH/(CH2OH)2 Jj"““U C H g O ^ ^ H N ~ " ^ 
i90OC/c^0i^in�N> 1)CeHe/^TsOH/reflux' \ ^ H^J 
° ：0 2)02 ^K^Kj^ 
25 
H2OEP 66% 
Scheme 5 H2OEP synthesis by Sessler's method 
1-1-3-2 Porphyrin synthesis via metal-catalyzed cross-
coupling methodologies 
Metal-mediated cross-coupling methodology, mainly developed by Kumada,29 
Negishi，30 Heck,31 Stille^^ and Suzuki,33 has become an important tool in modern 
organic chemistry to facilitate formation of carbon-carbon bonds between aryl or alkyl 
halide substrates and a variety of alkyl, aryl, and vinyl organometallic reagents. 
Except for organoboronic acid in Suzuki cross-coupling reaction, many other 
organometallic reagents do not tolerate sensitive functionalities which may be imperative 
for the total synthetic sequences. Some of the organometallic reagents are air or 
moisture sensitive, highly toxic or arduous to be prepared, and hard to be purified and 
stored. Suzuki cross-coupling reaction which is the most widely used method of metal-
mediated cross-coupling reported in 1981.33a Suzuki reported that benzeneboronic 
acid (41) couples with aryl halides (42)，catalyzed by Pd(Ph3P)4 and in the presence 
of two equivalents of aqueous sodium carbonate solution. This cross-coupling reaction 
11 1 
、 \ . . 
(eq. 2) is a selective, smooth and efficient carbon-carbon bond formation reaction. 
B(OH)2 Br 
人 r Pd(PPh3)4 n j ~ V 
r ^ + r ^ 7 Na2co3 ^ f A _ ^ f A (2) 
k ^ k ^ NaOH. PhMe \ = y ^ \ = J 
reflux 
41 42 43 
A s described previously, the synthesis of p-substituted porphyrins was 
suffered from long and tedious preparation of 3，4-disubstituted pyrroles. These 
limitations are particularly troublesome for the synthesis of exotic porphyrins that are 
elaborated in the P_positions. It is desirable to develop a facile method to synthesize P_ 
substituted porphyrins via the corresponding p-haloporphyrins. Smith's group 
prepared p-substituted derivatives of protoporphyrin IX through Stille's cross coupling 
(eq. 3).34 2，4-Dibromodeuteroporphyrin IX dimethyl ester (44) reacted with tri-n-
butylethenylstannane in the presence of a catalytic amount of tetrakis 
(triphenylphosphine)palladium (0) to give protoporphyrin IX dimethyl ester (45) in 
85% yield. 
Br Me i ^ ^e 
M e ^ f c ^ ^ PdO M e ^ f c ^ � 
V-N ' , N ^ ^Sn(nBu)3 / " ^ ' / ^ ^ ^ ^ 
M e ^ ^ " 4 y X ^ ^ ^ ^ M e toluene ^ ^ - % ^ ^ ^ ^ ^ ^ ^ ^ ^ 
CO2Me CO2Me CO2Me 帆 COaMe 
44 45 
van Lier et al employed the Heck reaction to synthesize various P-substituted 
porphyrins (Scheme 6).35 Excess 1 -hexyne reacted with monobromoporphyrin (46， 
47) in the presence of a catalytic amount of bis(triphenyl-phosphine) palladium(II) 
chloride and stoichiometric amount of copper(I) iodide to form monosubstituted 
porphyrin. A series of terminally substituted acetylenic derivatives, 48，49，50 and 51 
12 i 
were also prepared. 
C V v ^ ^ i ^ ^ V v V c s " 
} N N=^ � :  ^ ‘ [ 乂 1 
V - N ' ^ ' ^ N ^ DMF V - N N ^ 
p 4 X j ^ 80:C p ^ > j : ^ 
M R Yield(%) 
^. , , Ni (CH2)3CH3 70 48 
Nl 46 
Cu 47 Ni (CH2)9CH3 60 49 
Cu CeHs 60 50 
Cu CH2CH2OH 60 51 
Scheme 6 
Therien's g r o u p 3 6 discovers that (2-bromotetraphenylporphyrinato)zinc (52) 
cross-couples with an excess of organozinic chloride (RZnCl) in the presence of a 
catalytic amount of Pd(PPh3)4 (Scheme 7) to form mono-substituted porphyrins 53 and 
54. 
Ph Br Ph R 
< v V ) < v V ^ 
4 X > ^ - ; ^ 4 ^ X > ^ 
> — N N ^ THF, N2 y — N N ^ 
O y O = U ^ ^ 
Ph Ph 
R Yield(%) 
较 n-Bu 92 53 
O M e 




Therefore, the above transition-metal catalyzed cross-coupling methods provide 
the convenient synthesis of p-substituted porphyrins. A s compared to the Kumda 
(RMgBr, RZnCl) and Stille (RSnBu) reactions, the Suzuki cross-coupling reaction 
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posseses may be advantages. Arene-, alkene- and allyl-boronic acids tolerate a wide 
range of functional groups and they are air stable, resistant to heat, and can be 
recrystallized from water or alcohol. In addition, organoboronic acids are commercially 
available and environmentally less toxic than most organometallics. Since P_ 
bromoporphyrins are obtained easily from the controlled bromination o f p o r p h y r i n s 3 7 
or metalloporphyrins,38 the transformation of the bromo-subtituents into other 
functional groups would provide a facile entry into j8-substituted porphyrins. 
1-2 Results and discussions: 
The bromo derivatives of non-bulky (H2TPP) and bulky porphyrin H 2 T M P 
cross-couple successfully with aryl or alkyl boronic acids. H2TPP has been widely 
used as versatile ligands. The sterically bulky porphyrin (H2TMP) has been used in 
P 4 5 0 related oxidation chemis t ry .39 Structurally modified H2TPP and H 2 T M P 
derivatives provide new porphyrin systems for further investigation of such oxidation 
chemistry as well as other organometallic chemistry. 
1-2-1 Bromination of porphyrins at p-positions 
All P-bromoporphyrins were prepared in good yields via bromination reactions. 
The mono-bromo-tetraphenylporphyrin [H2TPP(Br)],37 2-bromo-5, 10，15, 20-
tetramesityl-porphyrin [H2TMP(Br)]; 2, 3，12, 13-tetrabromo-tetraphenylporphyrin 
[H2TPP(Br)4],37 2, 3, 12, 13-tetrabromo-5, 10，15, 20-tetramesitylporphyrin 
[H2TMP(Br)4],37 octabromotetraphenylporphyrin [H2TPP(Br)g],38 2, 3，7, 8，12, 13， 
17，18-octabromo-5, 10, 15，20-tetramesitylporphyrin [H2TMP(Br)g],^8 were prepared 
by controlled bromination of H2TPP with N B S (Scheme 8). Treatment of H2TPP or 
H2TMP with 1.7 equiv of N B S mainly yielded monobromoporphyrins 57 or 5 9 
respectively. Small amount of dibromoporphyrins (26%) were detected, which could be • 
separated by careful column chromatography. Using 6.8 equiv of N B S , the • 
tetrabromoporphyrins 58 and 60 were obtained in 41 and 52% yields, respectively. • 
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Tetrabromoporphyrins 58 or 60 were in contrast isolated with smaller amounts of tri or 
penta- brominated products (There are muti-peaks of pyrrole protons in their !H N M R 
spectra, whereas there is only a single peak of pyrrole protons in the spectra of 58 or 
60). Presumably, tetrabromoporphyrins are not sufficient reactive to be further 
brominated in refluxing CHCl3. 
The purification of the brominated products was non trivial. The isolation of 57 
was difficult because the product contained an isomeric mixture of H2TPP(Br)2. 
Successful purification was accomplished by column chromatography with a mixture of 
toluene-hexane as the eluent. 58 was isolated with at least 95% purity by column 
chromatography with a mixture solvents of CH2Cl2 and hexane as the eluent, and then 
followed by recrystallization from CHCl3 and ethanol.40 59 and 60 were obtained by 
chromatography in 36% and 52% yield, respectively. A purer sample was obtained by 
further chromatography and recrystallization from ethanol. 
H 2 T P P + N B S ( l . 7 e q u i v ) :?’％• H 2 T P P ( B r ) (4) 
55 ’ 57’ 67.4 % 
H 2 T P P + N B S ( 6 . 8 e q u i v ) 二 二 " . H 2 T P P ( B r ) 4 ( 5 ) 
58’ 41% 
H2TMP + N B S ( 1 . 7 e q u i v ) ,,^^^i^ r H2TMP(Br) /«) 
-c reflux, 45 min \口乂 
56 59, 36 % 
CHCh 
H2TMP + N B S ( 6 . 7 e q u i v ) reflux, 3 h ' H2TMP(Br)4 ( 7 ) 
60’ 52 % 
Scheme 8 Bromination of 55 and 56 
lH N M R spectra of 57 and 59 showed muti-peaks of pyrrole protons compared 
with a single peak of pyrrole protons in H2TPP and H2TMP. The single resonance of 
pyrrolic protons of 58 and 60 supported their symmetrical structures. 
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毒泰舍 
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H,TPP.55 H,TMV. 56 H 2 T P P _ 5 7 
0 Br Br ^ Br CH3XXcH3 
P ^ B r 3 . _ > ^ B . p ^ 
^ ： H ^ " 0 o f ； H：^ i 系-
B r - - C v O .rXXj:y-' O y U - B r 
T T I ' CH3,i^ CH3 
Br 6 Br ^ ^ 交 
H2TPP(Br)4,58 H2TPP(Br)8,63 H2TMP(Br), 59 
PH3 fH3 
Br c 0 C H 3 Bl^C^^YcyBr 
• 會 
^ Y Y " 3 B r LC"^H3Br 
H2TMP(Br)8, 66 
H2TMP(Br)4, 60 
Fig. 6 Structures of H2TPP(Br), H2TPP(Br)4, H2TPP(Br)8, H2TMP(Br), 
H2TMP(Br)4 and H2TMP(Br)8 
55 was metalated with Cu(OAc)2.H2O to give CuTPP which was then 
brominated with Br2 to form 62. 62 was demetaled with HClO4 to form 63. It should 
be noted that pure 63 was obtained only after recrystallization three times from CHCl3-
hexane even after chromatographic purification (Scheme 9). 
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DMF 
H2TPP + C u ( O A c ) 2 H 2 O ,3flux,0.5h • : (8) 
61 ’ yj^  /0 
C u T P P + Br. ^ ^ S ^ CuTPP(Br)3 (9) 
r t , 1 2 h 62’ 36% 
CuTPP(Br)8 ~ ~ " ! ^ ^ ~ ~ - H2TPP(Br)8 (10) 
CHCl3,8h 63，67�/� 
Scheme 9 
43 was metalated with Zn(OAc)2.2H2O to form ZnTMP, 50，and was then 
brominated with N B S in refluxing methanol to give 5 1 in 64% yield. Finally, 
demetalation with CF3COOH gave 52 in 9 1 % yield (Scheme 10). 
H2TMP + Z n ( 0 A c ) 2 - 2 H 2 0 「： ' ^' ZnTMP O D 
64, 93% 
ZnTMP + N B S M , n o l • ZnTMP(Br)8 (12) 
refux,1 h ，产 
65, 64% 
CFgCOOH 
ZnTMP(Br)e ^ H2TMP(Br)8 (13) 
CH2Cl2,10min g6,9l% " 
Scheme 10 
1-2-2 Synthesis of boronic acids 
Aryl boronic acids were prepared from the corresponding reaction of Grignard 
reagents with (CH3O)3B. Arylbromides reacted with M g turnings in ether or THF to 
form the Grignard reagents which were slowly added into (CH3O)3B in THF at -78 oC 
to give arylboronic acids (eq 14). If the rate of addition was too fast, excess Grignard 
reagents reacted non-discrimingly with ArB(OMe)2 to give MgBr[Ar2B(OMe)2], 
MgBr[Ar3B(OMe)] (eq 15) and substantial amounts of side reaction products.^l The 
products and yields of the aryl boronic acids were listed in Table 1 
X & ^ + Et.O , X & M g B r (CH3O)3B , X ^ (14) I 
^ = ^ reflux ^ H+ ^ = ^ • 
ArMgBr + A r B ( O M e ) 2 — — • MgBr[Ar2B(OMe)2] + MgBr[Ar3B(OMe)] (i5) • 
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Table 1 Yields of arylboronic acids 
X ^ O " B ( O H ) 2 
67 67b 67c 67d 67e 67f 67g 
X 4-Me 4 -MeO 4-^Bu 4-CI 2 -MeO 4-CF3 
Yield。/。 81 72 85 76 49 66 
1-2-3 Synthesis of p-substituted porphyrins 
1-2-3-1 Synthesis of non bulk P-substituted porphyrins 
A l l H2TPP(Br) 5 7 , H 2 T P P ( B r ) 4 5 8 , a n d H 2 T P P ( B r ) 8 63 p o r p h y r i n s 
underwent smooth Suzuki cross coupling reactions with p-substituted arylboronic acids 
to give of P -aryltetraphenyl porphyrins in high yields (Scheme 11, Table 2). Both 
electron-donating and electron-withdrawing groups were introduced with little 
difference in the rate and the yields. The reactions were carried out in dry toluene for 1 
to 7 days with solid K 2 C O 3 as a base at 90-100 ° C under nitrogen. Other bases 
(KOtBu，aq NaOH) and other solvents (THF, DMF, DME) were found to give lower 
yields or no reactions.42 The mono- and tetra-arylation took 1 day while the octa-
arylation required 7 days for the reaction to be completed. Anhydrous conditions were 
essential, only little reaction was observed in a mixed solution of toluene and aqueous 
K2CO3.^^ The use of 4 instead of 2 equivalents of phenylboronic acid would reduce the 
reaction time of 58 with 67a by 12 h, but had little effect on the yield.41 No 
protection of the acidic N-H of porphyrin ring was necessary. This is the advantages of 
this reaction as compared to the cross coupling of bromo-substituted zinc porphyrins 
with organozinc reagents recently reported by Therien.36 Furthermore, it should be 
noted that a difference in cross-coupling with organozinc reagents and arylboronic acids 
existed in the literature. Rieke.noted that 1, 2-dibromobenzene did not cross couple with B 
organozinc reagent to yield di-cross coupled product while both aryl zinc reagents^^ and • 
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arylboronic acids45 did cross couple with 1，2-dihalobenzene successfully. Therefore 
the tetra- and octa-arylation via Suzuki coupling are unique. 
Ph R R Ph 
f r S r i R-^^rSr> 
V-NH N ^ VNH N ^ 
P h ^ ^ R i R i ^ > F ^ 
h ^ ^ ^ R 
Ph Ph R 
H2TPP(R) 68a-e H2TPP(R)4 69a-b, 69f 
R ^ R 
y ^ r J ^ ^ ^ ^ r ^ p -X-PhB(OH ) 2 
^ ^ T n X V ^ X = H 673 
P h ^ ^ ^ P h = M e 67b 
^ _ % N H N ^ „ = M e O 67c 
" V C W ^ = 'Bu 67d 
J T 、口 = CI 67e “ Ph H 
H2TPP(R)8 70a-c 
Fig. 7 Structures of H2TPP(R)n 
H2TPP(Br)n ~ ~ 5 ^ ^ H 2 T P P ( R ) n (16) 
Pd(Ph3P)4, K2CO3 
toluene, 1 1 0 ° C , 1-7 d 
Scheme 11 
Table 2 Suzuki Cross Coupling of H2TPP(Br)n with RB(OH)2 
R = % yield of % yield of % yield of 
H2TPP(Ar) H2TPP(Ar)4 H2TPP(Ar)8 
Reaction time 28 h 28 h 7 d 
Ph 67a 84 68a 88 69a 65 70a 
p-MePh 67b 84 68b 67 69b 50 70b 
p-OMePh 67c 70 68c 53 70c 
p"BuPh 67d 83 68d 
p-ClPh 67e 79 68e 
Me 67f 61 69f I 
The c e n _ . c s „ e of the ^ t r a p h e _ e d porphy.n, 69a, and P- | 
tetramethylporphyrin, 69f were determined by a single crystal X-ray analyses.46 The M 
regiochemistry of the bromination of TPP is thus confirmed and is identical with the • 
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one proposed by Crossley 47 who corrected an earlier misassignment of the structure of 
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Fig. 8 The position of tautomeric equilibrium in a free-base porphyrin 
The regioselective tetra brominations could be electronic in origin. The aromatic 
delocalization pathway in free-base porphyrins which have electrons of a p - p ' position 
localized in bond-fixing functionality with the structure shown as 7 1 ; the tautomeric 
form 72 which has a 17-atom 18-7i-electron 'inner-inner-inner-outer' aromatic 
delocalization pathway (Fig. 8). Subsequent electrophilic or radical-bromination is then 
directed to this relatively electron-rich and has aromatic carbon-carbon double bond on 
which the bromo-substituent resides. 
From the X-ray analyses shows that the porphyrin ring of H2TPP(Me)4, 69f is 
slightly ruffled (A ruffled conformation has alternate pyrrole rings that are alternately 
twisted clockwise and counterclockwise about the M-N bond such that the meso carbon 
atoms are alternately above and below the least-squares plane of the macrocycle atoms. 
A saddled conformation is defined by alternate pyrrole ring displacement above and 
below a least-squares plane through the 24 core atoms. The ruffled distortion involves a 
twisting along the metal-nitrogen bond. The saddle distortion involves the displacement 
of the pyrrole rings alternately above and below the mean porphyrin plane so that the H 
pyrrole nitrogens are out of the mean plane. Fig. 9).48 whereas, the porphyrin ring in • 
H2TPP(Ph)4 is planar with the j8-phenyl rings nearly orthogonal to the porphyrin core， • 
2。 I 
the porphyrin ring in H2TPP(Me)4 is slight ruffled. Presumably, the methyl groups 
interact each other more strongly than the phenyl rings do. This planar structure is also 
in direct contrast with the non-planar features of j3-octaphenyH^ and oc tabromo50 
substituted porphyrins. The recently reported structures of j3-tetra chloro- and bromo-
tetrakismesityl porphyrins exhibit slight deviation from planarity.5l it seems that the 
interplay of the size, the orientation, and possibly the electronic interaction of the P_ 
substituents may influence the extent of distortion of the porphyrin core from planarity. 
Further crystallographic studies are required to define the number of j8-substitutents as 
well as the steric and electronic influences on inducing the ruffling and saddling of 
porphyrins. 
+ + + 一 0 + 
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Crossley has found that for mono-j8-substituted TPP, the N-H protons 
preferentially lie on the pyrrole ring with more electron donating substitutents and the 
equilibrium does not follow a known substituents scale.47 The N-H protons of 69a, 
however, reside on the more electron deficient phenylated pyrroles (the Hammett 
constant of phenyl group = 0.05).47b The X-ray studies show that the N-H protons of 
H2TPP(Me)4 reside on the electron rich methylated pyrroles. However, the N-H 
protons of H2TPP(Ph)4, 69a reside on the more electron deficient phenylated 
pyrroles. The beta and meso phenyl groups are all nearly orthogonal to the porphyrin • 
ring in the solid state supporting lack of resonance interaction. Low temperature NMR • 
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studies are necessary in order to gain a better understanding of the N-H tautormerism in 
this more symmetrical P_tetrasubstituted porphyrins.52 
In comparison with the synthesis of porphyrins via the co-tetramerization of 
pyrroles with aryl aldehydes, the Suzuki cross coupling method is complimentary. As 
dodecaphenyl-porphyrin is prepared in high yield from the acid catalyzed condensation 
of 3,4-diphenyl pyrrole44 with benzaldehyde, this Suzuki cross coupling method 
possesses the ease of structural modification at the fi- positions by virtue of readily 
available arylboronic acids. Limitation exists, however, for the preparation of meso-
unsubstituted porphyrins24 since the corresponding j3-bromo porphyrins may not be 
conveniently obtained through controlled bromination. The distinct advantage of 
synthesizing j3- mono- and tetrasubstituted porphyrins from j3-mono, and tetrabromo 
tetraphenyl porphyrin is to avoide tedious chromatographic separation of regioisomeric 
mixtures and side products. 
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Scheme 12 
Scheme 12 outlines a proposed mechanism for Pd-catalyzed cross-coupling to a 
halogenated porphyrin substrate. The bromoporphyrin 57 undergoes oxidative addition 
with PdL2 (L = PhgP)，formed from ligand dissociation of PdL4, to give porphyrin 
palladium bromide 73. R ^ ( O H ) 3 , derived from the reaction of RB(OH)2 with 0 ^ , 
transmetallates with the porphyrin palladium bromide to give porphyrin diaryl palladium 
(75). Subsequent reductive elimination gives the final coupled arylporphyrin 68 and 
the PdL2 ready for another catalytic cycle. The transmetalation is generally believed to 
be the rate-determining step.36 • 
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1-2-3-2 Synthesis of sterically bulky p - s u b s t i t u t e d 
porphyrins 
Our success in the Suzuki cross coupling with H2TPP(Br)n (n = 1，4, 8) has 
motivated its applications in sterically bulky H2TMP(Br)n, (n =1，4, 8).46 
Ar R Ar R R ^ P 
# 1 ¾ ¾ : 
O y O p , ^ y ^ O R ^ = = ^ > y ^ R 
Ar R Ar R Ar R 
76’ R = aryl 77, R = aryl 78, R = aryl, methyl 
Ar = 2,4,6-Me3C6H2 
Fig. 10 Structures of H2TMP(R)n 
RB(OH)2, 67 
H2TMP(Br)n 二 “ 、 … • H2TMP(R)n 
� Pd(PPh3)4. K2CO3, 
n = 1 » 9 0 - 1 0 0 � C , toluene n = 1 76 (17) 
n = 4 60 n = 4 77 (18) 
n = 8 66 n = 8 73 (19) 
Scheme 13 
Table 3 Suzuki Cross Coupling of H2TMP(Br)n with RB(OH)2 (eq 17，18’ and 19) 
R = % yield of % yield of % yield of 
H2TMP(R) H2TMP(R)4 H2TMP(R)8 
Reaction time 1 -2 d 2 -4 d 7 d 
Ph 67a 74 76a 71 7 7 a 53 78a 
j^-MePh 67b 90 76b 88 7 7 b 56 78b 
p-MeOPh 67c 78 76c 50 78c 
p-ClPh 67d 79 7 6 d 88 78d 
p-tBuPh 67e 45 78e 
p-CF3Ph 67g 75 7 7 g 78 7 8 g 
Me 67f 74 78h 
I 
Al l the bromoporphyrins, H2TMP(Br)n (n = 1，4，8)，underwent smooth • 
Suzuki cross-coupling reactions with aryl- and methylboronic acids (67a-e, 67g and • 
24 1 
67f 16 equiv) in the presence of a catalytic amount of Pd(PPh3)4 (10 -15 mol%) and 
anhydrous K2CO3 (32 equiv) (Scheme 13) in toluene or toluene / THF at 90-100 oC. 
The P-aryl or p-methylprophyins were isolated in 45 to 88% yields. Mono arylation 
took only 1 d to be completed, while the longer reaction time was needed for tetra- and 
octaarylation. For arylboronic acids, toluene was used as a solvent while for 
methylboronic acid, a mixture solvents of THF-toluene was employed in order to 
enhance the solubility of water-soluble methylboronic acid in toluene. As compared to 
the influence of the meso-phQnyl group in tetraphenylporphyrin, the sterically more 
bulky and electronically more rich mesityl group did not seem to prolong the reaction 
probably due to the enhanced solubility which balanced off the increase in steric 
hindrance. No protection of the porphyrins as zinc complexes was n e c e s s a r y . 3 6 
This synthetic approach to P-phenyIporphyrins is an unique entry. The reaction 
of 3,4-diphenylpyrrole with benzaldehyde gave dodecaphenylporphyrin in 47% 
yield.28，58 Yet, the less readily accessible 3,4-diarylpyrroles, in contrast with the more 
readily available arylboronic a c i d s , 4 6 Hmit the synthesis of porphyrin. Furthermore, the 
condensation of 3,4-diphenylpyrrole with sterically hindered aryl aldehydes was not 
always successful. 2, 6-dichlorobenzaldehyde gave only a small amount of the 
corresponding porphyrin (< 2%),53 while in a preliminary run, mesityl aldehyde did 
not yield any porphyrin 78a at all. Presumably the reduced nucleophilic and sterically 
more hindered 3,4-diphenylpyrrole compared to pyrrole decreases the reactivity.54 
1-2-4 UV spectra 
Table 4 lists the absorption maxima of U V spectra of porphyrins. The 
wavelengths of the Soret bands increase with the increase of the number of phenyl • 
— 
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Table 4 U V absorption of P-substituted porphyrins/nm 
Soret band Q bands 
H^TPP 419 515, 548, 592, 647 
H^TPPCPh) 419 517, 592, 647 
EyrPP(Ph)4 433 528, 602，675 
H2TPP(Ph)g 468 564, 616，722 
H^TMP 419 519, 545, 585, 640 
H2TMP(Ph) 423 520, 553, 592, 651 
H2TMP(Ph)4 431 525, 558, 598, 659 
H^TMP(Ph)g ^ 558’ 601，704 
Electron-withdrawing groups such as phenyl group, are known to lower the 
energy levels of both the HOMOs and LUMOs of porphyrin. For planar or nearly-
planar porphyrins, H2TPP, H2TMP and H2TPP(Ph), H2TMP(Ph), and H2TPP(Ph)4, 
the energy levels of both the HOMOs and LUMOs of porphyrins decrease with the 
increasing number of phenyl substituents. The Soret bands are red-shifted for more 
than 10 nm from 419 to about 430 nm. For non-planar porphyrins, H2TPP(Ph)8 and 
H2TMP(Ph)8, the electron withdrawing phenyl group, not only lower the energies of 
both the HOMOs and LUMOs of porphyrins, but also distort the octaphenylporphyrins 
from planarity. Therefore, the energy levels of the HOMOs are raised more. This result 
leads to a larger drop in the LUMO energy levels and a smaller drop in the LUMO-
energy levels of octaphenyl porphyrins.l4，55 Therefore, the Soret bands are red-shifted 
for more than 30 nm, larger than from the mathematical sum of eight phenyl groups. 
1-2-5 Crystal structures of H2TPP(Ph)4, H2TPP(Me)4, 
H2TPP(Tol)8 and H2TMP(Ph)8 
These structures were solved by the direct methods, and all non-hydrogen atoms • 
were located on an E-map, which were subjected to anisotropic refinement. The • 
hydrogen atoms of NH were generated from a difference Fourier synthesis, and the • 
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other hydrogen atoms were generated geometrically (C-H = 0.96 A). All hydrogen 
atoms were allowed to ride on their respective parent atoms; they were assigned 
appropriate isotropic temperature factors and included in the structure-factor 
calculations. Al l computations were performed using S H E L X T L P C program 
p a c k a g e 5 6 on a PC 486 computer. Analytic expressions of atomic scattering factors 
were employed, and anomalous dispersion correction were incorporated. 
1-2-5-1 H 2 T P P ( P h ) 4 
Dark blue crystals of H2TPP(Ph)4 were prepared by slow diffusion of a CHCl3 
solution. It recrystallizs in monoclinic space group P l\lc with two molecules of ethanol 
and one molecule of water solvate (C68H46N4), FW 919.1，a 二 7.474(2) A, b = 
13.301(3)入，c = 24.814 (8) A, p = 92.00(2)� ’ V = 2465 (1) k\ Z = 2，“ : 0.072 
m m - l , D c = 1.238 g cm"3, Rp = 0.0646, w/? = 0.0753 
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Fig. 11 Molecular structure and atomic names of H2TPP(Ph)4 (a). " Edge-on" view • 
plot of the skeleton of H2TPP(Ph)4 (b) Hydrogen atoms are omitted for clarity. • 
Thermal ellipsoids are drawn at 50% probability level. • 
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Fig. 13 Displacement of the atoms of the H2TPP(Ph)4 porphyrin core from the 
mean plane of the macrocycle, in units of 0.01A 
The molecular structure, numbering scheme and the nearly-planar structure for 
H2TPP(Ph)4 are best illustrated by the crystal structure views shown in Fig. 11. The 
bond distances are given in Fig. 12. Each pyrrole ring with its p-phenyl substituents is 
alternately up and down very slightly and it is the same as that of the non-substituted 
porphyrin (Fig. 13). The dihedral angles between the pyrroles and the mean plane (24 
macrocycle atoms) are 1 . 2 ° , 1.5°, 1.2°, 1.50respectively. The average deviation of 24 
0 __^  
macrocycle atoms from the mean plane is 0.073 A. The dihedral angles between the p-
substituted phenyl rings and the mean plane is 74.0°, and that of a m^50-substituted • 
phenyl ring and the mean plane is 76.8°. The eight phenyl rings are parallel each other • 
to minimize contacts between the substituents. The distance between C^ to C12 is 3.029 • 
I 
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A and C12 to C ig is 2.980 A. The perpendicular displacements of the pyrrole p-carbon 
atoms from the mean porphyrin are 0.01 A (C27)，0.0052 A (C28)，0.028 A (C32)， 
0.006 A (C33) respectively. Table 5 lists selected bond lengths and angles. 
Table 5 (a) Bond length (A) and (b) band angles(。）of H2TPP(Ph)4 
(a) Bond length (A) 
N(l)-C(26) 1.360 (9) N(l)-C(29) 1.379 (8) 
N(2)-C(31) 1.368 (8) N(2)-C(34) 1.376 (9) 
C(l)-C(2) 1.392 (11) C(l)-C(6) 1.371 (10) 
C(2)-C(3) 1.378 (11) C(3)-C(4) 1.342 (11) 
C(4)-C(5) 1.393 (10) C(5)-C(6) 1.389 (9) 
C(6)-C(25) 1.495 (9) C(7)-C(8) 1.388 (11) 
C(7)-C(12) 1.367 (10) C(8)-C(9) 1.372 (11) 
C(9)-C(10) 1.369 (11) C(10)-C(11) 1.379 (11) 
C(ll)-C(12) 1.381 (10) C(12)-C(27) 1.484 (9) 
C(13)-C(14) 1.436 (11) C(13)-C(18) 1.382 (11) 
C(14)-C(15) 1.327 (11) C(15)-C(16) 1.340 (12) 
C(16)-C(17) 1.409 (11) C(17)-C(18) 1.380 (10) 
C(18)-C(28) 1.479 (10) C(19)-C(20) 1.392 (12) 
C(19)-C(24) 1.369 (11) C(20)-C(21) 1.367 (17) 
C(21)-C(22) 1.343 (18) C(22)-C(23) 1.396 (12) 
C(23)-C(24) 1.375 (11) C(24)-C(30) 1.486 (9) 
C(25)-C(26) 1.415 (9) C(25)-C(34a) 1.398 (9) 
C(26)-C(27) 1.444 (10) C(27)-C(28) 1.374 (9) 
C(28)-C(29) 1.435 (10) C(29)-C(30) 1.408 (9) 
C(30)-C(31) 1.400 (10) C(31)-C(32) 1.438 (10) 
C(32)-C(33) 1.333 (11) C(33)-C(34) 1.442 (9) 
C(34)-C(25a) 1.398 (9) N(l)-H(lN) 0.846 
N(l)-N(2) 2.931 N(l)-N(2a) 2.943 
H(lN)-N(2) 2.338 H(lN)-N(2a) 2.417 
(b) band angles(。） 
C(26)-N(l)-C(29) 110.8(6) C(31)-N(2)-C(34) 105.4(5) 
C(2)-C(l)-C(6) 120.9(7) C(l)-C(2)-C(3) 118.9(7) 
C(2)-C(3)-C(4) 120.9(7) C(3)-C(4)-C(5) 120.8(7) 
C(4)-C(5)-C(6) 119.4(6) C(l)-C(6)-C(5) 119.1(6) 
C(l)-C(6)-C(25) 122.6(6) C(5)-C(6)-C(25) 118.2(6) 
C(8)-C(7)-C(12) 120.6(7) C(7)-C(8)-C(9) 120.8(8) 
C(8)-C(9)-C(10) 118.4(8) C(9)-C(10)-C(11) 121.2(7) 
C(10)-C(ll)-C(12) 120.3(7) C(7)-C(12)-C(11) 118.6(6) 
C(7)-C(12)-C(27) 119.6(6) C(ll)-C(12)-C(27) 121.5(6) | 
1 29 1 
f 肩 
… - 。 — . < . . — 一 
C(14)-C(15)-C(16) 124.3(8) C(15)-C(16)-C(17) 117.5(7) • 
C(16)-C(17)-C(18) 121.4(7) C(13)-C(18)-C(17) 119.0(7) • 
C(13)-C(18)-C(28) 119.9(6) C(17)-C(18)-C(28) 121.0(6) • 
C(20)-C(19)-C(24) 121.0(8) C(19)-C(20)-C(21) 119.2(10) • 
C(20)-C(21)-C(22) 121.0(9) C(21)-C(22)-C(23) 119.7(10) • 
C(22)-C(23)-C(24) 120.7(8) C(19)-C(24)-C(23) 118.4(7) • 
C(19)-C(24)-C(30) 121.5(7) C(23)-C(24)-C(30) 120.0(7) • 
C(6)-C(25)-C(26) 118.6(6) C(6)-C(25)-C(34a) 115.2(6) • 
C(26)-C(25)-C(34a) 126.2(6) N(l)-C(26)-C(25) 124.0(6) • 
N(l)-C(26)-C(27) 107.2(6) C(25)-C(26)-C(27) 128.8(6) • 
C(12)-C(27)-C(26) 130.1(6) C(12)-C(27)-C(28) 122.7(6) • 
C(26)-C(27)-C(28) 107.2(6) C(18)-C(28)-C(27) 122.9(6) • 
C(18)-C(28)-C(29) 128.6(6) C(27)-C(28)-C(29) 108.4(6) • 
N(l)-C(29)-C(28) 106.3(6) N(I)-C(29)-C(30) 124.0(6) • 
C(28)-C(29)-C(30) 129.7(6) C(24)-C(30)-C(29) 118.5(6) • 
C(24)-C(30)-C(31) 115.6(6) C(29)-C(30)-C(31) 125.9(6) • 
N(2)-C(31)-C(30) 128.2(6) N(2)-C(31)-C(32) 110.4(6) • 
C(30)-C(31)-C(32) 121.3(6) C(31)-C(32)-C(33) 107.0(6) • 
C(32)-C(33)-C(34) 107.3(6) N(2)-C(34)-C(33) 109.8(6) • 
N(2)-C(34)-C(25a) 128.0(6) C(33)-C(34)-C(25a) 122.1(6) • 
N(l)-H(lN)-N(2) 127.6 N(l)-H(lN)-N(2a) 121.0 • 
— . 
Greenish-brown plates crystals of H 2 T P P ( M e ) 4 were prepared by slow • 
evaporation of a CHCl3 solution. It recrystallizes in monoclinic space group P2\/n with • 
two molecules of ethanol and one molecule of water solvate (C48H38N4), FW 670.8, a • 
= 1 3 . 6 1 6 4 (8) A , b = 6.7428 (4) A, c = 19.7444 (11) A，p = 102.481(3)。，V = I 
1769.4 (2)入3，z 二 2, |J, = 0.063 mm"l, Dc = 1.267 g cm"3, Rf 二 0.071，wR = 0.068 I 
The molecular structure, numbering scheme and planar structure conformation 9 
for H2TPP(Me)4 are best illustrated by the crystal structure views shown in Fig. 14. • 
30 jd 
( % ^ C^^^^C14 • 
\ > ' ^ ' J i c ,3 • 
^ y O ^ K ^ k �� I 
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Fig. 14 Molecular structure and atomic names of H2TPP(Me)4 (a). " Edge-on" view • 
plot of the skeleton of H2TPP(Me)4 (b). Hydrogen atoms are omitted for clarity. • 
Thermal ellipsoids are drawn at 50% probability level. • 
The bond distances are given in Fig. 15. The skeletal formations are equally • 
striking when viewed as the perpendicular displacements of the"atoms from the mean I 
plane of the 24-atom core. • 
1.340 • 
1.459/ \l.443 • 
""^6§^~ \ l -407 I 
d % 
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Fig. 15 Bond distances in H2TPP(Me)4, in units of A • 
J 
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Fig. 16 Displacement of the atoms of the H2TPP(Me)4 porphyrin core from the • 
mean plane of the macrocycle, in units of O.OlA • 
Each pyrrole ring with its p-phenyl substituents is alternately up and down (Fig. • 
11). The displacement of nitrogens on non-substituted pyrroles are 12.4 A and 12.4 A • 
which are higher than that of p-substituted pyrroles (3.5 K). Four nitrogen atoms do • 
not lie on the mean plane. The dihedral angles between four pyrroles and the porphyrin • 
mean plane are 5.5°, 3.3®, 5.5° and 3.3°; which are larger than these of H2TPP(Ph)4. • 
The distance between C17 and C i g is 3.044 A. The distance between C7 and C n is • 
3.020 A. The distance between Ni and N ^ is 3.943 A , N2 and N2a 4.355 A. The • 
distance between N2 and N2a are longer than that of between Ni and Nia (Fig. 11). • 
The perpendicular displacements of the methyl carbon and pyrrole P_carbon • 
atoms from the mean porphyrin plane of H2TPP(Me)4 are 0.83 A (C17), 3.63 A (Cig), • 
1^ 1 
0.90 A (C7) and 1.28 A (Cg) respectively. The distances between C i 1 and C7, C n and • 
^^^ 1 
Ci7 are 3.03 A and 3.03 A respectively. The selected bond lengths are given in table 6. • 
Table 6 (a) Bond length (人）and (b) bond angles(。）of H2TPP(Me)4 • 
(a) Bond length (入） • 
N(l)-C(l) 1.359 (7) N(l)-C(4) 1.391 (6) • 
N(2)-C(6) 1.388 (6) N(2)-C(9) 1.373 (7) • 
C(l)-C(2) 1.459 (7) C(l)-C(lOa) L.394 (7) • IC(2)-C(3) 1.340 (8) C(3)-G(4) L.443 (8) 9 
C(4)-C(5) 1.399 (8) C(5)-C(6) 1.407 (8) M ] 32 j 
， ！ • 
• ‘ i". 
r-i i'. 
) 
S . ！ 
！ 
. f 
C(5)-C(11) 1.509 (7) C(6)-C(7) 1.422 (3) 1 
C(7)-C(3) 1.366 (8) C(7)-G(17) 1.513 (7) 【 
C(8)-C(9) 1.^50 (7) C(8)-C(18) l > 9 5 (9) 丨 
C(9)-C(10) 1.406 (7) C(10)-C(19) 1.498 (8) | 
C(10)-C(lA) L.394 (7) C(ll)-C(12) 1.385 (3) 
C(lL)-C(16) 1.389 (9) C(12)-C(13) 1.397 (3) 丨 
C(13)-C(I4) 1.345 (11) C(14)-C(15) 1.360 (10) ； 
C(15)-C(16) 1.383 (9) C(19)-C(20) 1.389 (6) 丨 
C(I9)-C(24) 1.379 (10) C(20)-C(21) L.383 (9) 丨 
C(21)-C(22) 1.355 (11) C(22)-C(23) 1.367 (7) 丨 
C(23)-C(24) 1.367 (9) &N ； 
hydrogen bonding N(2)-H(2N) 0.900 ! 








C(l)-N(l).C(4) 105.5(4) C(6)-N(2)-C(9) 110.3(4) | 
N(l)-C(l)-C(2) 110.1(4) N(l)-C(l)-C(lOa) L28.L(5) 
G(2)-G(l)-C(lOa) 121.8(5) C(l)-C(2)-C(3) 107.4(5) j 
G(2)-C(3)-C(4) 106.6(5) N(l)-C(^)-C(3) 110.3(5) t 
N(l)-C(4)-C(5) 128.0(5) C(3)-C(^)-C(5) 121.6(5) ：^ 
C(4)-G(5).C(6) , 125.7(5) C(4)-C(5)-C(11) 115.8(5) ‘ 
C(6)-C(5)-C(11) LL8.0(5) N(2)-C(6)-C(5) 123.1(5) i, 
N(2)-C(6)-C(7) 107.2(5) C(5)-C(6)-C(7) 129.6(5) “ 
C(6)-C(7)-C(8) 107.9(5) C(6)-C(7)-C(17) 129.4(5) 
C(8)-C(7)-C(17) 122.6(5) C(7)-C(8)-C(9) 108.5(5) ；：； 
C(7)-C(8)-C(18) 124.8(5) C(9)-C(8)-C(18) 126.5(5) 
N(2)-C(9)-C(8) 105.9(4) N(2)-C(9)-C(10) 123.4(5) f 
C(8)-C(9)-C(10) 130.6(5) C(9)-C(10)-C(19) 117.3(4) ： 
C(9)-C(10)-C(la) 127.4(5) C(19)-C(10)-C(la) 115.2(4) | 
C(5)-C(ll)-C(12) 121.6(5) C(5)-C(lL)-C(16) 120.0(5) 
C(12)-C(ll)-C(16) 118.3(5) C(lL)-C(12)-C(13) U 9 . 6 ( 6 ) i 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 1 2 1 . 3 ( 6 ) C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 1 8 . 8 ( 6 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 1 . 6 ( 7 ) C ( l l ) - C ( 1 6 ) - C ( 1 5 ) 1 1 9 . 9 ( 6 ) ^ 
C(10)-C(19)-C(20) 1L8.1(6) C(10)-C(19)-C(24) 123.3(4) ‘ 
C(20)-C(19)-C(2“） 118.4(5) C(19)-C(20)-C(21) 120.2(6) f 
C ( 2 0 ) - C ( 2 1 ) - C ( 2 2 ) 1 L 9 . 8 ( 5 ) C ( 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 1 2 1 . 0 ( 6 ) 丨< 
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Dark-blue grain crystals of H2TPP(Tol)8 were prepared by slow diffusion of 
I. 
ethanol into a CHCl3 solution. It recrystallized in monoclinic space group C2/c with 
two m o l e c u l e s of ethanol and one m o l e c u l e of water so lvate 
(CiooH78N4-2C2H50H H20), FW 1445.82, a = 17.7094(6) A, b = 23.231(1) A, c = 
23.3153 (8) A, P = 109.211(3)。，V = 9058 (5) A^ ’ Z = 4, “ = 0.063 mm_l, Dc = 
1.060 g cm-3，Rf = 0.118，wR = 0.114 
33 I • 
m 
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Fig. 17 Molecular structure and atomic names of H2TPP(Tol)8 (a). " Edge-on" view j 
plot of the skeleton of H2TPP(Tol)8 (b). Hydrogen atoms are omitted for clarity. [ 
y 
Thermal ellipsoids are drawn at 50% probability level. j 
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Fig. 19 Displacement of the atoms of the H2TPP(Tol)8 porphyrin core from the ! 
mean plane of the macrocycle, in units of O.OlA | 
1 
The molecular structure, numbering scheme and planar structure conformation 
for H2TPP(Tol)8 are best illustrated by the crystal structure views shown in Fig. 16. 
Fig. 17 displays an edge-on view of the 24-atom core and tolyl substituents of ； 
H2TPP(Tol)8 illustrating the saddle shape. Bond distances are given in Figure 18. The 
dihedral angles between meso-phenyl rings and mean porphyrin plane are 19.2°, 28.0。， 
19.20 and 28.0° respectively. The dihedral angles between P-substituted tolyl rings and ^ 
mean porphyrin plane are 65.7°, 48.2°, 45.0^, 45.7^, 65.7^, 48.2^, 45.Qo and 45.7° 
respectively. The dihedral angles between pyrroles and the mean porphyrin plane are 
39.2°，45.1。，45.1° and 40.0°. The perpendicular displacements of the methyl carbon 
of tolyl groups and pyrrole p-carbon atoms from the mean porphyrin plane of 
H2TPP(Tol)8 are 5.48 A (Cig), 5.35 A (C25), 1.31 A (C2) and 1.36 A (C3). The 
structure is largely distorted from planarity and shows a saddle shape as the tolyl 
groups are introduced to the p-positions of pyrroles. The distance between C32 and C39 
is 3.241 A, C39 and €45 3.155 A. The size of porphyrin ring is not changed since the 
‘ 35 j 
• 
distances between Niand N2a, N ^ and N2 are 2.1 \3A and 2 .113 A respectively.48a 
The selected bond lengths are given in table 7. 
Table 7 (a) Bond length (A) and (b) bond angles(。）of H2TPP(Tol)8 
(a) Bond length (入） 
N(l)-C(l) 1.39 (1) N(l)-C(4) 1.^0 (2) 
N(2)-C(6) 1.37 (1) N(2)-C(9) 1.37 (1) 
C(l)-C(2) 1.43 (2) C(1)-C(11) 1.41 (1) 
C(2)-C(3) 1.38 (1) C(2)-C(12) 1.50 (1) 
C(3)-C(4) 1.45 (1) C(3)-C(19) lA7 (1) 
C(4)-C(5) 1.42 (1) C(5)-C(6) 1.43 (1) 
C(5)-C(31) 1.47 (2) C(6)-C(7) 1.43 (1) 
C(7)-C(8) 1.39 (1) C(7)-C(32) 1.47 (1) 
C(8)-C(9) 1.44 (1) C(8)-C(39) 1.47 (1) | 
C(9)-C(10) 1.43 (1) C(10)-C(46) 1.47 (2) j 
C(10)-C(9A) 1.43 (1) C(ll)-C(50) 1.49 (2) : 
C(ll)-C(lA) 1.41 (1) C(12)-C(13) 1.38 1 丨 
C(12)-C(17) 1 . 3 4 ( 1 ) C(13)-C(14) 1-38 1 
C(14)-C(15) 1.40 (2) C(15)-C(16) 1.33 (2 丨 
C(15)-C(18) 1.53 (2) C(16)-C(17) 1.40 1 
C 1 9 ) - C ( 2 0 ) 1.42 (1) C(19)-C(24) 1.38 (2) 丨 
C(20)-C(21) 1.38 (2) C(21)-C(22) 1.36 (2) 丨 
C(22)-C(23) 1.39 (1) C(22)-C(25) 1.53 (2) 丨 
C(23)-C(24) 1.39 (2) C(26)-C(27) 1.42 (2) 丨 
C(26)-C(31) 1.38 (1) C(27)-C(28) 1.37 (2) 
C(28)-C(29) 1.36 (2) C(29)-C(30) 1.39 (2) 丨 
C(30)-C(31) 1.42 (2) C(32)-C(33) 1.37 (1) 
C(32)-C(37) 1.40 (1) C(33)-C(34) 1乂3 (2) f 
C(34)-C(35) 1.36 (2) C(35)-C(36) 1.36 (2) 1 
C(35)-C(38) 1.54 (2) C(36)-C(37) 1.39 (1) I 
C 3 9 ) - C ( 4 0 ) 1.39 (2) C(39)-C(44) 1.39 (2) 
C 4 0 ) - C ( 4 1 ) 1.38 (2) C(41)-C(42) 1.38 (3) 
C(42)-C(43) 1.35 (2) C(42)-C(45) 1.61 (2) 
C(43)-C(44) 1.41 (2) C(46)-C(47) 1.36 (2) 
C(46)-C(47A) 1.36 (2) C(47)-C(48) 1.45 (2) 
C(48)-C(49) 1.32 (2) C(49)-C(48A) 1.32 (2) 
C(50)-C(51) 1.35 (1) C(50)-C(5lA) 1.35 (1) 
C(51)-C(52) 1.33 (2) C(52)-C(53) 1.44 (2) 
C(53)-C(52A) 1.44 (2) 0(lA)-C(54A) 1.46 (2) 
-C(54A)-C(55A) 1.38 (3) 0(lB)-C(54B) 1.16 (2) 
C(54B)-C(55B) 1.42 (3) 
I 36 I 
I A ^ . 
m 
(b) bond angles(o) 
C(l)-N(l)-C(4) 108.2(8) C(6)-N(2)-C(9) 109.2(7) ^ 
N(l)-C(l)-C(2) 108.7(9) N(l)-C(l)-C(lI) I21(1) ‘ 
C(2)-C(1)-C(11) 130.4(7) C(l)-C(2)-C(3) 107.7(7) 
C(l)-C(2)-C(12) 127.2(9) C(3)-C(2)-C(12) I23.2.(8) 
C(2)-C(3)-C(^) 107.7(9) C(2)-C('3)-C(19) 126.1(7) 
C(4)-C(3)-C(19) 125.3(8) N(l)-G(4)-C(3) . 107.4(7) 
N(l)-C(4)-C(5) 123.0(8) C(3)-C(4)-C(5) 130(1) 
C(4)-C(5)-C(6) 119(1) C(4)-C(5)-C(,31) 122.7(9) . 
C(6)-C(5)-C(31) 118.5(8) N(2)-C(6)-C(5) 123.3(7) 
N(2)-C(6)-C(7) 108.0(7) C(5)-C(6)-C(7) 128.2(9) 
G(6)-G(7)-C(8) 107.4(8) C(6)-C(7)-C(32) 122.5(8) 
C(8)-C(7)-C(32) 128.8(7) C(7)-C(8)-C(9) 106.8(7) j 
C(7)-C(8)-C(39) 129.2(8) C(9)-C(8)-C(39) 123.2(9) ！ 
N(2)-C(9)-C(3) 108.3(8) N(2)-C(9)-C(10) 121.6(7) 
C(8)-C(9)-C(10) 130.0(7) C(9)-C(10)-C(46) 120.6(5) 
C(9)-C(LO)-C(9A) 119(1) C(46)-C(10)-C(9A) 120.6(5) 
C(l)-C(ll)-C(50) 117.3(6) C(l)-C(lI)-C(lA) 124(1) 
C(50)-C(lI)-C(lA) 117.3(6) C(2)-C(12)-C(13) 121.5(8) 1 
C(2)-C(12)-C(17) 120.2(8) C(13)-C(12)-C(17) 118.2(8) 丨 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 1 2 0 . 3 ( 9 ) C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 1 ( 1 ) 
C(14)-C(15)-C(16) 116.9(9) C(14)-C(15)-C(18) 123(1) 
C(16)-C(15)-C(18) 121(1) C(15)-C(16)-C(17) 123(1) 
C(12)-C(17)-C(16) 120(1) C(3)-C(19)-C(20) 117.3(9) 
C(3)-C(19)-C(24) 124.2(8) C(20)-C(19)-C(24) 118.5(9) P 
C(19)-C(20)-C(21) 1I9(1) C(20)-C(21)-C(22) 122.0(9) 
C(21)-C(22)-C(23) 120(1) C(21)-C(22)-C(25) 120.1(9) 
C(23)-C(22)-C(25) 120(1) C(22)-C(23)-C(24) 120(1) 
C ( 1 9 ) - C ( 2 4 ) - C ( 2 3 ) 1 2 1 . 4 ( 9 ) C ( 2 7 ) - C ( 2 6 ) - C ( 3 1 ) 1 1 9 ( 1 ) j 
C(26)-C(27)-C(28) 119(1) C(27)-C(28)-C(29) 123(1) 
C(28)-C(29)-C(30) 120(1) C(29)-C(30)-C(31) 119(1) 
C(5)-C(31)-C(26) 116.8(9) C(5)-C(31)-C(30) 122.1(9) 
C(26)-C(31)-C(30) 122(1) C(7)-C(32)-C(33) 123.9(8) 
C(7)-C(32)-C(37) 118.7(8) C(33)-C(32)-C(37) 117.4(8) 
C(32)-C(33)-C(34) 121.0(9) C(33)-C(34)-C(35) 120(1) [ 
C(34)-C(35)-C(36) 120(1) C(34)-C(35)-C(38) 120(1) 丨 
C(36)-C(35)-C(38) 121(1) C(35)-C(36)-C(37) 121(1) 丨 
C(32)-C(37)-C(36) 120.7(9) C(8)-C(39)-C(40) 121(1) 丨 
C(8)-C(39)-C(44) 119.5(9) C(40)-C(39)-C(44) 119.2(9) j 
C(39)-C(40)-C(41) 121(1) C(40)-C(41)-C(42) 119(1) i 
C(41)-C(42)-C(43) 121(1) C(41)-C(42)-C(45) 124(1) 丨 
C(43)-C(42)-C(45) I15(2) C(42)-C(43)-C(44) 120(1) 丨 
C(39)-C(44)-C(43) 119(1) C(10)-C(46)-C(47) 120.6(8) 丨 
C(10)-C(46)-C(47A) 120.6(8) C(47)-C(46)-C(47A) 119(2) ； 
C(46)-C(47)-C(48) 124(2) C(47)-C(48)-C(49) 103(2) 丨 
C(48)-C(49)-C(48A) 147(3) C(ll)-C(50)-C(51) 120.3(6) [ 
C(ll)-C(50)-C(5lA) 120.3(6) C(51)-C(50)-C(5lA) 119(1) ； 
C(50)-C(51)-C(52) 124(1) C(51)-C(52)-C(53)- 117(1) ； 
C(52)-C(53)-C(52A) 120(2) 0(lA)-C(54A)-C(55A) 134(2) 丨 
0(lB)-C(54B)-C(55B) 111(2) 
37 J jM 
• 
1-2-5-3 H 2 T M P ( M e ) 8 
Dark-red prisms crystals of H2TMP(Me)8 were prepared by slow 
diffusion of ethanol into a CHCl3 solution. It recrystalIizes in tetragonal space group 
P 4 2 i c with two molecules of ethanol solvate (C64H7oN4-2(C2H50H)), FW 987.38, a 
=15.129(2) k b = 15.129(2) A , c = 13.774 (3) A, V = 3 1 5 2 . 7 (9) A ^，Z = 2，# = 
0.0228 mm-l, Dc = 1.040 g cm_3, R f = 0.077, wR = 0.089 
o^ s^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ,^ ,^^^^^;^|^|^^|^^^ 
- ¾ " ^ ' ' " 5 C ^ ^ ^ ^ v 
' ^ M . . 1 , � : ) I 
J ^ f 4 > ^ ^ 4 \ V i 
� f � < V ^ > V ！ 
'i^  ) 
(a) (b) ( 
Fig. 20 Molecular structure and atomic names of H2TMP(Me)8 (a). “ Edge-on" view f 
plot of the skeleton of H2TMP(Me)8 (b). Hydrogen atoms are omitted for clarity. | 
Thermal ellipsoids are drawn at 50% probability level. 
The crowded porphyrin peripheries of H2TMP(Me)8 lead to severe saddle 
distortions of the macrocycles (Fig. 21). The edge-on view of the macrocycle shows 
that the porphyrin pyrrole rings are alternately tilted up and down with respect to the 
least-square plane of the 24 atoms of the porphyrin core. 
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Fig. 21 Bond distances in H2TMP(Me)8, in units of A 
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Fig. 22 Displacement of the atoms of the H2TMP(Me)8 porphyrin core from the 
mean plane of the macrocycle, in units of O.OlA 
I 
The bond distances are given in Figure 21. The saddle structure shows that the | 
j 
pyrrole rings with methyl substituents are titled alternatively up and down relative to the 
mean porphyrin plane by about 1.03 A and 0.82 A as well as being twisted relative to i 
this mean plane. The dihedral angles between four pyrrole rings and mean plane are 
23.90，32.70，23.90 and 32.70 respectively (Fig. 20). The perpendicular displacements 
of atoms from the mean porphyrin plane of H2TMP(Me)8 are 1.28 k (C15)，1.80 A 
(Ci6), -1.28 A (Ci5a), -1.80 入（Ci6a). The dihedral angles between phenyl rings and 
mean porphyrin ring are 122.5^, 5 7 . 5 � ’ 1 2 2 . 5 � a n d 57.5o. Table 8 lists selected bond 
lengths and angles. 
39 . 
I Table 8 (a) Bond length (A) and (b) bond angles(") of H2TMP(Me)8 
I (a) Bond length ( 入 ） 
I N(l)-C(l) 1.377 (5) N(L)-C(4) 1.367 (4) 
I C(l)-C(2) 1.459 (7) C(2)-C(3) 1.370 (7) 
I C(2)-C(16) 1.488 (8) C(3)-C(4) 1.447 (7) 
I C(3)-C(15) 1.525 (7) C(“）-C(5) 1.409 (7) 
I C(5)-C(6) 1.507 (7) C(5)-C(la) 1.409 (7) 
I C(6)-C(7) 1.373 (7) C(6)-C(11) 1.406 (8) 
I C(7)-C(8) 1.415 (7) C(7)-C(13) 1.527 (8) 
I C(8)-C(9) 1.383 (9) C(9)-C(10) 1.383 (9) 
I C(9)-C(14) 1.497 (8) C(10)-C(11) 1.376 (8) 
I C(ll)-C(12) 1.498 (8) 
— 
I C(l)-N(l)-C(4) I08.I(3) N(1)-C(1)-C(2) 108.5(4) 
I N(l)-C(l)-C(5b) 123.4(4) C(2)-C(l)-C(5b) 127.4(5) | 
I C(1)-C(2)-C(3) 106.7(4) C(l)-C(2)-C(16) 128.9(5) 
I C ( 3 ) - C ( 2 ) - C ( 1 6 ) 1 2 3 . 9 ( 5 ) C ( 2 ) - C ( 3 ) - C ( 4 ) 1 0 7 . 4 ( 4 ) 
I C(2)-C(3)-C(15) 123.2(5) C(4)-C(3)-C(15) 129.2(4) j 
I N(l)-C(4)-C(3) 109.0(4) N(1)-C(4)-C(5) 123.1(4) 、 
I C(3)-C(4)-C(5) 127.9(4) C(4)-C(5)-C(6) 117.5(4) f 
I C(4)-C(5)-C(la) 124.5(4) C(6)-C(5)-C(la) 118.0(4) 丨 
I C(5)-C(6)-C(7) 120.9(5) C(5)-C(6)-C(11) 118.7(5) [ 
I C(7)-C(6)-C(11) 120.3(5) C(6)-C(7)-C(8) 119.4(5) 
I C(6)-C(7)-C(13) 121.6(5) C(8)-C(7)-C(13) 119.0(5) 
I c(7)-C(8)-C(9) 120.8(6) C(8)-C(9)-C(10) 118.2(5) 
I C(8)-C(9)-C(14) L19.7(6) C(10)-C(9)-C(14) 122.0(6) 
I C(9)-C(10)-C(11) 122.5(6) C(6)-C(ll)-C(10) U 8 . 8 ( 5 ) 
I C(6)-C(ll)-C(12) 123.2(5) C(10)-C(ll)-C(12) 118.1(5) 
I 0(l)-C(17) 1.45 (1) C(17)-C(18) 1.56 (1) 
I C(17).-C(18d) 1.52 (2) 





The effects of the adjacent alkyl and aryl groups on those porphyrins are mainly ! • 
reflected in the bond angles. Since the pyrrole rings swivel alternately up and down, I 
those angles are mostly affected by the saddle conformations. In table 9，the core size of • 
H2TPP(Tol)8 (70b) decreases mostly because of large distortation. In the planar • 
structure of H2TPP(Ph)4 (69a), larger differences in angles between the substituted I 
pyrroles and non-substituted pyrrole exist with 5° of C a - N - C a , and 7° of Cm-Ca-Cp. • 
The angle of N-Cot-Cm is larger in substituted pyrrole than that of non-substituted I 
丨I 
pyrroles. Therefore, it shows that the distance between N j and Nia is longer than that • 
！ I 
of between N2 and N2a (Fig. 12). It suggests that substituents on the pyrroles decrease • 
the core size of porphyrins. • 
Table 9 Average bond angles (deg) of various porphyrins ！ • 
Porphyrin Cg-N-Cg Cg-Cm-Cg C m - C g - C g N - C g - C m C a - C 3 - C 3 | I 
6 9 a *105.4(34) 125.9(5) 121.3(6) 128.2(6) 107.2(6) j I 
110.8(6) 125.9(5) 128.8(6) 124.0(6) 107.2(6) | 
69f *105.5(4) 125.7(5) 121.6(5) 128.0(5) 106.6(5) I 
110.3(4) 125.7(5) 129.6(5) 123.1(5) 107.9(5) j I 
7 0 b 108.2(8) 119.0(1) 127.9(4) 123.1(4) 107.4(4) | | 
7 8 h 108.1(3) 124.5(4) 127.9(4) 123.1(4) 107.4(4) I 
* unsubstituted pyrrole. • 
— — — 丨 
between neighbouring molecules. The phenyl rings of adjacent molecules do not • 
overlap in any of the packing arrangements. Fig. 23 displays the arrangements of the • 
porphyrins in the unit cells of H2TPP(Ph)4, H 2 T P P ( M e ) 4 , H 2 T M P ( P h ) 8 and | 
H2TPP(Tol)8. The porphyrins pack in parallel layers. The closest center to center • 
distances of porphyrin core are 21.14 A for H2TPP(Ph)4, 13.62 A for H2TPP(Me)4, | 
15.13 A for H2TMP(Ph)8 and 33.60 A for H2TPP(Tol)8 within a layer. The least-i 
square distances between neighboring molecules are 15.26 A for H2TPP(Ph)4, 4.78 A 
1 for H2TPP(Me)4, 6.89 A for H2TMP(Me)8 and 24.20 A for H2TPP(Tol)8. The 
41 J 
‘ 
• • I 
. 「:. 
intermolecular contacts are all greater than 4 A. Therefore the observed planarity and 
non-planarity do not arise from crystal packing forces, but from a minimization of steric 
repulsions between the peripheral phenyl rings in the same molecule. The conformation 
of the macrocycles and the tilting of the phenyl rings into the porphyrin planes 
effectively minimize unfavorable contacts between the peripheral substituents. 
』 4 ^ ^ ^ ¾ ^ 1 
働 々 2T i 
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Fig. 23 Views of the molecular packing in the unit of H2TPP(Ph)4, H2TPP(Me)4, 








In summary, mono-, tetra-, and octa- j8-aryl and P-alkyl substituted non bulky 
tetraphenylporphryins and bulky tetramesitylporphyrins have been synthesized through 
Suzuki cross coupling reactions with corresponding j3-bromo porphyrins. X-ray 
analyses have revealed the planar structure of H2TPP(Ph)4, slightly ruffled structure of 
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1-4 Experimental section 
Melting points were uncorrected. IR spectra were recorded on a Perkin Elmer 
1600 FT-IR spectrophotometer as neat films on K B r plates. U V - V i s spectra were 
recorded on a Hitachi U-3300 spectrophotometer using CH2Cl2 as the solvent. lH 
N M R spectra were measured on Bruker W M 250 MHz, Bruker W M 270 M H z and 
Bruker A R X 500 (500 MHz) spectrometer. In all ^H N M R measurements, chemical 
shifts were reference to tetramethylsilane 5 = 0.00 ppm. ^^C spectra were obtained on 
a Bruker W M 250 (62.9 MHz). Mass spectra were obtained either in EI mode at 70 eV 
on a V G 70-70 system or in F A B mode using N B A as the matrix on a JEOL JMS-HX i 
110 Mass Spectrometer. Elemental analyses were performed by the Medac Ltd, [ 
Department of Chemistry, Brunei University, U. K. Unless otherwise noted, all 
.| 
materials were obtained from commercial suppliers and used without further ^ 
|l 
purification. Tetrahydrofuran (THF) was distilled from sodium benzophenone ketyl ； 
^ 
I and toluene was distilled from sodium prior to use. All cross-coupling reactions were 丨 
run with the reaction mixture deoxygenated by the freeze-pump-thaw method (-195 to 
25 °C，three cycles). Flash chromatography was performed with silica gel (70-230 or 
230-400 mesh). | 
. I 
General procedure for arylboronic acid synthesis.^' Magnesium turnings 
(30 mmol) were placed in a round-bottomed flask and then flame-dried under N2. 
Aryl bromide (30 mmol) THF (20 mL) solution was added dropwise to the flask. The 
reaction mixture was gently refIuxed for 3 to 4 h. After cooling down to room 
i temperature, the Grignard reagent was slowly transfered to a solution of (CH3O)3B 
4 
‘ in THF (10 mL) at -78 ^C with a cannular. When the addition is completed, the solution 
was slowly warmed to room temperature and stirred over night. After acidified with 
10% HC1 (10 mL), the arylboronic acid was extracted into ether (3 x 100 mL) and 
« dried (sodium sulfate). The solvent was then removed under reduced pressure. The 




p-Tolylboronic acid (67b). white needles were obtained in 81% yield; mp 243-
2 4 4 � C (lit.57 2 4 2 - 2 4 3 � C ) !H N M R (CDCl3, 250 MHz) 8 2.39 (s, 3 H), 4.55 (s, 2 
1 
H), 7.26 (d, 2 H, J = 7.8 Hz), 8.12 (d, 2 H, J = 7.8 Hz). M S m/e : 354 (M+). 
/;-Methoxyphenylboronic acid (67c). White needles were obtained in 7 2 % yield; 
mp 197-198 o c (lit.58 202 - 205 oC ). !H N M R (CDCl3,250 MHz) 8 3.85 (s, 3 H), 
4.52 (s, 2 H), 7.01 (s, 2 H , ] = 8.2 Hz), 8.15 (d, 2 H，J = 8.3 Hz). M S m/e: 402 
(M+). 
_ 
p-^utylphenylboronic acid (67d). The white needle crystal was collected in | 
48% yield; mp : 168-170 °C. lH N M R (CDCl3, 250 MHz) 6 1.32-1.37 (ms, 9 H), | 
!,. 
4.68 (s, 2 H), 7.86 (d, 2 H, J = 7.8 Hz), 8.15 (d, 2 H, J = 7.8 Hz). M S m/e: 480 '' 
!^ : 
(M+). Anal. Calcd. for C30H39B3O3 (as the trimer)： C, 74.91; H, 8.18. Found: C, '| 
::I 
74.34; H, 8.40. ； 
； •.， 。i 
- :i 
p-Chlorophenylborionc acid (67e). White plate was collected in 7 6 % yield; mp 丨後 
264-268 oC (lit.58 268-272 oC). !H N M R (CDCl3, 250 MHz) 5 4.61 (s, 2 H)，，7.48 i； 
(d, 2 H , 7 = 8 . 1 Hz), 8.12 (d, 2 H , 7 = 8 . 2 Hz). MS m/e : 157 (M+). | 
:l 
u 
p-(a, a , a-Trifloromethyl-)phenylboronic acid (67f). White plate was 
collected in 66% yield; mp 231-235oC (lit.59 2 3 0 - 2 3 5 � C ) !H N M R (CDCl3, 250 
M H z ) 5 4.80 (s, 2 H)，7.63 (d，2 H, J = 7 .8 Hz) , 7 .84 (d, 2 H, J = 7 .9 Hz) . M S m/e: 
190 (M+). 
Preparation of H2TPP(Br) 5737 H2TPP (200 mg, 0.325 mmol) and N B S (100 
mg, 0.562 mmol) were thoroughly mixed in CHCl3, and were refluxed for 1 hour. 
After removal of CHCl3 under reduced pressure, the reaction mixture was dissolved in 
a minimum amount of toluene-hexane (1: 1) and was chromatographed on silica gel 









eluted off the column was the H2TPP(Br). Recrystallization from MeOH-CH2Cl2 gave 二 
• ' ; 
pure H2TPPBr (57). (152 mg, 67.4% yield). R/ = 0.30 (toluene: hexane = 1: 1). ^H ^ 
N M R (CDCl3, 250 MHz): 8 -2.92 (s, 2 H), 7.71-7.78 (m, 12 H), 8.07-8.21 (m, 8 H), | 
^. 
8.76-8.89 (ms, 7 H). UV/Vis A^ max (CH2Cl2, nm, loge): 420.5 (5.74)，518.0 (4.56), ; 
二 
552.0 (3.97)，648.5 (3.94). | 
^ 
Preparation of H2TPP(Br)4 58^8 H2TPP (200 mg, 0.325 mmol) and NBS (393 ： 
. »_ 
mg, 2.21 mmol) were dissolved in CHCl3 and refIuxed for 2 hours. After evaporating » 
1 
I off the solvent under reduced pressure, the reaction mixture was dissolved in a 1 
minimum amount of CHCl3-hexane (1: 1) and chromatorgraphed on a column of silica |i 
1 
gel using a mixture of CHCl3-hexane (1: 1) as the eluent. The second red band eluted ^ 
off the column was H2TPP(Br)4. The solvent was rotary-evaporated of f and the ^^. 
^ 
residue was recrystaIlized from CH2Cl2-MeOH to give H2TPP(Br)4,58 (75mg, 4 1 % | 
I 
yield). Rf = 0.53 (CH2CI2： hexane = 1: 1). ^H N M R (CDCl3, 250 MHz) 6 -2.84 (s, 2 f 
h 
H), 7.74-7.79 (m, 12 H), 8.14-8.18 (m, 8 H)，8.68 (s, 4 H). UV/Vis Xniax (CH2Cl2, | 
- i； 




Improved method for purification of 58: The crude product 58 was dissolved in a | _ 
minimum amount of CHCl3. Hexane was added to the mixture to precipitate 58. This I 
I 
procedure was repeated three times and 58 was obtained in 95% purity. ：• 
I； • i? I |-
Preparation of H2TPP(Br)8 (63)38 j o a stirred solution of CuTPP (250 mg, : 
0.25 mmol) in CHCl3 / CCl4(lOO mL, 1: 1 V / V)，bromine (0.6 mL, 12 mmol) in the 1 
1 
^ 
same solvent mixture (25 mL) was added over a period of 30 min at room temperature. ？ 
^ 
Stirring was continued for a further period of 4 h. Pyridine (1.5 mL) in CHCl3 / CCl4 
:2 
(40 mL, 1: 1 V / V ) was added dropwise over a period of 30 min. The solution was i 
stirred for another period of 12 h. Then the reaction mixture was treated with 20% ^  
aqueous sodium metabisufite solution (100 mL) to destory excess bromine. The ； 






M r » » 
< . 
evaporated off under reduced pressure to obtain the green product. The product was | ' | 
. |ii 
dissolved in a minimum amount of CHCl3 and chromatographed on a basic alumina K'® 
_::: 
column. The first fraction was collected and the solvent was evaporation off , and the j. 
residue was recrystallized from CH2Cl2-hexane to yield 180 mg (36%) of CuTPP(Br)g | 
« D . 
(62). I 
CuTPP(Br)g (100 mg, 0.1 mmol) in CHCl3 (50 mL) was added with perchloric 厂 
•...’. 
acid (10 mL, 70%). The mixture was stirred for about 8 h. The organic layer was | 
separated, neutralized with 20% aqueous sodium carbonate solution, and dried over ;. 
anhydrous sodium sulphate. Evaporation off the organic solvent yielded a green residue | 
which was chromatographed on basic alumina using CHCl3 as the eluent to obtain the | 
free base H2TPP(Br)8 (63) (26 mg, 67% yield). R/ = 0.39 (CH2Cl2 ： hexane = 1: 1). | 
lH N M R (CDCl3, 250 MHz) 5 7.71-7.80 (m, 12 H), 8.18-8.21 (m, 8 H). LTWVis I 
Xmax (CH2Cl2, nm, loge): 468.0 (5.67)，569.0 (4.33)，625.5 (4.51). f. 
_ i 
Synthesis of 2-bromo-5, 10，15，20-tetramesitylporphyrin, H 2 T M P ( B r ) , n 
I 
(57). H2TMP (110 mg, 0.14 mmoI ) and N-bromosuccinimide (43 mg，0.24 mmol) j 
were ref luxed in boil ing chloroform for 45 min. The crude product was j 
chromatographyed on silica gel using CH2CI2： hexane = 1: 3 as the eluent to yield | 
H2TMP(Br) (43 mg, 36% yield). R/ = 0.16 (CH2CI2： hexane = 1: 3). ^H N M R 
(CDCl3, 250 MHz) 5 -2.62 (bs, 2 H), 1.78-1.83 (ms, 24 H)，2.60 (s, 12 H)，7.24-
7.25 (m，8 H), 8.54 (s, 2 H), 8.63-8.66 (m, 4 H), 8.73 (s, lH). F A B M S m/e : ‘ 
861.37 (M+) .HRMS (matrix, N B A ) c a l c d for C56H53N4Br.H+ 861.3532，found � 
861.3378. Anal. Calcd. for C56H53N4Br.2C2H5OH: C, 75.53; H, 6.87; N, 5.87. 
Found: C, 75.79; H, 7.27; N, 5.16. UVAVis X^ax (CH2Cl2, nm, log e): 421.0 (5.72)， 
516.0 (4.48)，550.0 (4.10)，594.0 (4.10), 648.0 (4.05). ^ 
Synthesis of 2，3，12，13-tetrabromo-5, 10，15，20-tetramesityl-
porphyrin, H 2 T M P ( B r ) 4 , (60).53 H2TMP (200 mg, 0.26 mmol) and N-






bromosuccinimide (309 mg, 1.74 mmol, 6.7 equiv) were ref luxed in boiling |;j(^-
|!|f 
chloroform for 3 h until the Soret band had shifted to 430 nm. The product was purified p 
by column chromatography on silica gel using a mixture of CH2CI2： hexane (1: 5) as 
the eluent. The violet solid obtained was recrystallized from CH2Cl2 / M e O H to yield _ 
• 
pure violet crystals of H2TMP(Br)4 (147 mg, 52% yield). R/ = 0.20 (CH2CI2： hexane F 
=1： 5); lH N M R (CDCl3, 250 MHz) 8 -3.00 (bs, 2 H)，1.75 (s, 24 H), 2.59 (s, 12 | 
m： • 
H), 7.22 (s, 8 H), 8.58 (s, 4 H). LTWVis ? w (CH2Cl2, nm, log e): 431.0 (5.80), m 
m' 
525.0 (4.77)，605.0 (4.41)，659.0 (4.51). L-SIMS m/e : 1098.1 (M+). -
•>• 
Synthesis of 2，3，7, 8，12，13，17, 18-octabromo-5, 10, 15，20- | 
tetramesitylporphyrin, H2TMP(Br)8 (66): A 500 mL two-necked, round- h 
bottom flask fitted with a pressure equalizing dropping funnel was filled with a solution |： 
I 
of Z n T M P (400 mg, 0.47 mmol) in 100 mL of methanol. The solution was heated to | 
refluxed. 10 equivalents of N B S (840 mg, 4.7 mmol) in methanol (200 ml) solution | 
were, slowly added. The solution was heated for 1 hour. Upon cooling the solution in | 
an ice bath, most of the ZnTMP(Br)8 complex precipitated and was collected by |.. 
i e< 
filtration. The mother liquor filtrate was further purified by chromatography over a dry | 
1 
colum of basic alumina, with dichloromethane-hexane (V / V 50: 50 then 100: 0) as the | 
I 
eluent. The green fraction was collected and evaporated to dryness to give | 
ZnTMP(Br)g 65 (450 mg, 64% yield). R/ = 0.85 (CH2CI2： hexane = 1: 1) | 
k i . ？^ 
Z n T M P ( B r ) 8 (280 mg, 0.19 mmol) was dissolved in CH2Cl2 (100 mL). ‘ 
¢-
Trifluoroacetic acid (10 mL) was then added. The reaction mixture was stirred at room “ 
temperature for 10 min and then neutralized with 1 M aqueous sodium hydroxide : 
J 
solution. The organic layer was separated by separating funnel and was dried and : 
concentrated. The product 66 was precipitated by addition of hexane, recovered by | 
i 
filtration and dried under vaccum to obtain H2TMP(Br)8 66 (130 mg, 91% yield). R/= : 
0.90 (CH2CI2： hexane), i R N M R (CDCl3, 250 MHz) 6 - 1 . 3 0 (s, 2 H), 1.82 (s, 24 H), | 
• 48 
I 1 
I 2.25 (s, 12 H), 7 . 17 (s，8 H). UV/Vis Xmax (CH2Cl2, nm, loge): 463.5 (5.80), 559.0 
I (4.66)，605.0 (4.48). [ 
I General Suzuki Coupling Procedure for H2TPP(Br). A 50 mL telfon- ^ 
I s toppered f l a sk w a s cha rged with H2TPP(Br) (1 equiv) , Pd(Ph3P)4(lO-2O mo l %)， ‘ 
I toluene (25 to 30 mL), anhydrous potassium carbonate (8 equiv), and arylboronic 1 
I acid (4 equiv). The purple suspension was degassed by the freeze-pump-thaw method ^ 
I (3 cycles) and was then heated between 90-100 ^C under N2 for 1-2 d. The reaction 
I mixture was worked up by adding equal volume of CH2Cl2 and washed with satd ;• 
I NaCl (40 mL). The organic layer was dried with MgSO4 and then rotary evaporated to T' 
I dryness. The crude product was purified by column chromatography on silica gel | 
I using a solvent mixture of toluene: hexane (1 : 1) as the eluent. The purple band was \l 
I collected to give a purple solid which was recrystallized from CH2Cl2-methanol to give | 
I the pure purple crystal 0fH2TPP(R). |； 
I 1' 
I 2-Phenyl-5, 10，15，20-tetraphenylporphyrin (68a). (84%), R/ = 0.22 [ 
I S 
I (toluene : hexane = 1 : 1). !H N M R (CDCI3，250 MHz) 5 -2.65 (s, 2 H )，7.11-7.21 |； 
I (m, 8 H )，7.69-7.89 (m, 9 H )，7.87 (d, 2 H, J 二 6.2 Hz), 8.18-8.22 (m, 6 H )，8.67- | 
I 8.82 (ms, 7 H). UVA^is X^ax (CH2Cl2, nm, log8): 419.0 (5.63), 517.0 (4.36)，592.0 | 
I (3.85)，647.0 (3.65). F A B M S m/e : 691 (M+1)+. Anal. CaIcd for C50H34N4 H2O: i 
I C，84.55; H, 4.96; N, 7.65. Found: C, 84.64; H, 5.07; N, 7.89. | 
I I 
I 2-(4-Methylphenyl)-5, 10，15，20-tetraphenylporphyrin (68b). (84%), Rf f 
I = 0.22 (toluene : hexane = 1 : 1). ^H NMR (CDCl3, 250 MHz) 5 -2.63 (s, 2 H), 2.34 [ 
I (s, 3 H )，6.92 (d, 2 H, J = 7.9 Hz), 7.19-7.24 (m, 5 H), 7.68-7.76 (m, 9 H), 7.86 1 
I (d, 2 H, J = 6.8 Hz), 8.20-8.22 (m, 6 H), 8.68-8.84 (ms, 7 H ). UV/Vis X^ax ' 
I (CH2Cl2, nm, loge): 420.0 (5.76), 517.0 (4.46)，552.0 (4.00), 592.0 (3.87)，648.0 | 
I (3.58). F A B M S m/e : 705 (M+1)+. Anal. Calcd for C51H36N4： C, 86.90; H，5.15; | 
I N, 7.95. Found: C, 86.83; H, 5.37; N，7.59. | 
丨 




2-(4-MethoxyphenyI)-5, 10，15，20-tetraphenylporphyrin (68c). (70%), (' 
I R / = 0 .20 (toluene : hexane = 1 : 1). lH N M R (CDCl3, 250 MHz) 8 -2.63 (s, 2 H)， i 
3.83 (s, 3 H)，6.67 (d, 2 H, J = 8.6 Hz)，7.23-7.27 (m, 6 H), 7.72-7.76 (m, 8 H), f 
7.88 (d, 2 H , 7 = 6.6 Hz), 8.21-8.24 (m, 6 H), 8.67-8.85 (ms,7 H). U V / V i s Xmax ； 
(CH2Cl2, nm, logE): 420.0 (5.56), 517.0 (4.01), 552.0 (3.58), 592.0 (3.47), 647.0 
(3.22); F A B M S m/e : 721 (M+1)+. Anal. Calcd for C51H36N4O: C, 84.89; H, 5.03; |； 
_，： ' 
I N, 7.77. Found: C，84.47; H, 5.08; N，7.64. [：, 
f 
2-(4-tButylphenyl)-5, 10，15，20-tetraphenylporphyrin (68d). (83%), R/ = 
0.25 (toluene : hexane 二 1: 1). l R N M R (CDCl3, 250 MHz) 5 -2.64 (s，2 H), 1.37 | 
(ms, 9 H), 7.21-7.25 (m, 5 H), 7.69-7.74 (m，9 H), 7.84 (d, 2 H, J = 6.6 Hz), 8.18-
8.22 (m, 6 H), 8.69-8.82 (ms, 7H). UV/Vis Xmax (CH2Cl2, nm, log£): 420.0 (5.49), 
517.0 (4.24), 552.0 (3.79), 592.0 (3.71)，647.0 (3.49). F A B M S m/e : 747 (M+1)+. ： 
Anal. Calcd. for C54H42N4 H2O: C, 84.80; H, 5.79; N, 7.32. Found: C，85.36; H, \ 
5.67; N, 7.20. I 
丨  - ！ 
2-(4-Chlorophenyl)-5, 10，15，20-tetraphenyIporphyrin (68e). (79%), R/ 
=0.28 (toluene : hexane 二 1 : 1). !H NMR (CDCl3, 250 MHz) 5 -2.66 (s, 2 H), 7.07 | 
(d, 2 H，J = 8.3 Hz), 7.21-7.25 (m，5 H), 7.69-7.74 (m, 9 H), 7.84 (s, 2 H), 8.18- | 
I 8.22 (m, 6 H), 8.69-8.82 (ms, 7 H). UV/Vis Xrnax (CH2Cl2, nm, loge): 420.0 (5.85)， r 
517.0 (4.78)，551.0 (4.36)，592.0 (4.25)，647.0 (4.05). F A B M S m/e : 725 (M+1)+. 
i' 
Anal. Calcd. for C50H33N4Cl H2O : C, 81.09; H, 4.71; N,7.44. Found: C, 80.80; 
: f 
H, 4.71; N, 7.53. 丨 
General coupling procedure for H2TPP(Br)4. A 50 mL telfon-stoppered 
flask was charged with H2TPPBr4 (1 equiv), (Ph3P)4Pd (10-20 mol%), toluene (25-
30 mL) (toluene: THF = 3 : 2 for methyl boronic acid), and anhydrous potassium 
I carbonate (24 equiv), arylboronic acid (12 equiv). The brown-yellow suspension was 
degassed by the freez-pump-thaw method (3 cycles), and then was heated between 
丨 
I 




l i ^ jj 
90-100 oC under N2 for 4-5 d. The reaction mixture was worked up by | 
fli 
extracting with equal volume of CH2Cl2 and washed with satd NaHCO3 (40 mL), . 
water (2 x 40 mL), brine (40 mL). The organic layer was dried with anhydrous 
M g S O 4 and rotary evaporated to dryness. The crude product was purified by 
column chromatography on silica gel using CH2Cl2. The purple band was collected 
and the purple solid was further recrystallized from CH2Cl2-MeOH. 
i 
|i' 
F j, i 
2，3，1 2，1 3 - T e t r a p h e n y l - 5 , 10，15，20-tetraphenylporphyrin (69a). |： 
(88%), R f = 0.25 (CH2Cl2). lH NMR(CDCl3, 250 MHz) 5 -2.06 (s, 2 H), 6.82-6.93 \. 
(m, 12 H), 7.18-7.27 (m, 20 H)，7.83 (d, 8 H, J = 6.4 Hz), 8.37 (s, 4 H). UV/Vis | 
>-max(CH2Cl2, nm, loge): 433.0 (5.47), 528.0 (4.28), 602.0 (3.84)，675.0 (3.55); | 
i 
F A B M S w/e : 918 (M+). Anal. Calcd. for C68H46N4： C, 88.83; H, 5.04; N, 6.09. f » ： i； 
： ； s< 
Found: C, 88.67; H, 5.07; N, 5.91. f 
‘ I 
'f 
•) I i 
： I 
1 2 ， 3 ， 1 2 ， 1 3 - T e t r a k i s ( 4 - M e t h y l p h e n y I ) - 5 , 1 0，1 5，2 0 - t e t r a p h e n y I - | 
porphyrin (69b). (67%), R/= 0.11 (CH2Cl2). H^ NMR (l%TFA, C D C l 3 , 250 |. 
MHz) 6 -2.05 (s, 2 H)，2.15 (ms, 12 H), 6.64 (d, 8 H, J = 8.0 Hz), 6.76 (d，8 H , 7 = | 
7.1 Hz), 7.53 (bs, 12 H), 7.96 (s, 4 H), 8.22 (brs, 8 H). LTWVis X^ax (CH2Cl2, nm, f 
loge): 434.0 (5.62)，529.0 (4.43), 570.0 (4.03)，598.0 (4.02)，673.0 (3.61). F A B M S I 
m/e : 975 (M+1)+. Anal. Calcd. for C72H54N4： C, 88.72; H, 5.58; N, 5.74. Found: 
C, 88.83; H, 5.21; N，5.88. 
, 
:,l 
2，3, 12，13-Tetrakismethyl-5, 10，15，20-tetraphenyl-porphyrin (69f). 
丨 (61%), R f = 0.82 (CH2Cl2). lH N M R (CDCl3, 500 MHz) 5 -2.85 (s, 2 H), 2.34 (s, 
12 H), 7.61-7.69 (m，12 H), 8.01 (d, 8 H，J = 7.3 Hz), 8.39 (s, 4 H). UVA^is Xmax 
(CH2Cl2, nm, loge): 426.0 (5.67), 516.0 (4.69), 551.0 (4.49), 591.0 (4.40), 648.0 
(4.35). F A B M S m/e : 671 (M+). Anal. Calcd. for C4gH38N4-3.5H20: C，78.56; H, 
5.22; N, 7.63. Found: C, 78.87; H，5.30; N, 7.56. 





！ General Coupling Procedure for H2TPP(Br)8. A 50 mL telfon-stoppered flask 
I was charged with H2TPP(Br)8 (1 equiv), (Ph3P)4Pd (15 mol%), toluene (25-30 mL), : 
I . i 
f and anhydrous potassium carbonate (40 equiv), arylboronic acid (20 equiv). The 
r i. 
v‘ _. 
[. green suspension was degassed by the free-pump-thaw method (3 cycles), and 
.C“ [：• 
” then was heated between 90-100 ^C under N2 for 7 d. The reaction mixture was 
worked up by adding equal volume of CH2Cl2 and washed with NaHCO3 (40 |； 
mL), water (2 x 40 mL), and brine. The organic layer was dried (MgSO4) and f 
evaporated off the solvent to afford the crude product which was purified by f 
丨 
column chromatography on silica gel using CHCl3 as the eluent. The last slow- ^ 
moving green band was collected and evaporated to dryness to give a green |： 




2， 3， 5， 7 , 8 ， 1 0 ， 1 2 ， 1 3 ， 1 5 ， 1 7 , 18，20-Dodecaphenylporphyrin i 
1 
(70a).60 (65%): R f : 0.10 (CHCl3). ^H NMR (CDCl3, 250 MHz): 5 6.65-6.79 (m, | 
52 H), 7.58 (d, 8 H，J = 6.5 Hz). UV/Vis Xmax (CH2Cl2, nm, loge): 468.0 (5.38), | i 
i-
564.0 (4.13), 616.0 (4.15), 722.0 (4.00). | 
i 
2，3, 7, 8, 12，13，17, 18-Octakis(4-methylphenyl)-5, 10，15，20-tetra- I 
f 
phenylporphyrin (70b). (50%): R/= 0.12 (CHCl3). ^H NMR (CDCl3, 250 MHz): 
5 2.00 (s, 24 H), 6.41-6.79 (m, 45 H), 7.48 (d, 7 H, J = 7.0 Hz). UV/Vis >-max ••}•• :_ 
|( ( C H 2 C l 2 , nm, loge): 469.0 (5.73), 5.66.0 (4.52), 616.0 (4.52), 723.0 (4.44)， 
F A B M S m/e : 1335 (M+1)+. Anal. Calcd. for CiooH78N4.3H20: C，86.60; H, 6.08; 
N, 3.88. Found: C, 86.80; H, 6.22; N, 3.86. 
2，3，7 , 8，1 2，1 3 , 17, 18-Octakis(4-methoxyphenyl)-5, 10，15，20-
tetraphenylporphyrin (70c). (53%): R/= 0.12 (CHCl3). !H NMR (CDCl3, 250 
I MHz): 5 3.59 (s, 24 H )，6.22 (d, 16 H, J = 8.8 Hz), 6.60 (d, 16 H, J 二 7.4 Hz), 6.80 
(d, 12 H, J = 7.6 Hz), 7.55 (d, 8 H, J = 6.5 Hz). UV/Vis X,max (CH2Cl2, nm, loge): 





470.0 (5.66)，567.0 (4.53), 616.0 (4.49), 723.0 (4.28). F A B M S m/e : 1464 (M+). 
Anal. Calcd. for C100H78N4O8.H2O: C, 81.06; H, 5.50; N, 3.80. Found: C, 80.85; : 
H, 5.90; N, 4.20. 
Synthesis of 2-(4'-toluyl)-5, 1 0， 1 5，2 0 - t e t r a m e s i t y l p o r p h y r i n , 
H 2 T M P 0 ? - M e P h ) (76b). A Teflon-stoppered flask (50 mL) was charged with 
H2TMP(Br) (40 mg, 0.046 mmol), Pd(PPh3)4 (5 mg, 10 mol%), toluene (15 mL), 
anhydrous K 2 C O 3 (51 mg, 0.37 mmol), and 4-toluylboronic acid (20 mg, 0.19 
mmol). The brown suspension was degassed by the freeze-pump-thaw method (3 
• cycles), and then was heated at 90-100 °C under N2 for 2 days. Solvent was evaporated | 
S I 
k off and the crude product was purified by column chromatography on silica gel using � 
•‘.:’ I 
., ^ ；{ 
CH2CI2： hexane = 1: 3 as the eluent. The brown solution obtained was evaporated to ； j' 
give a violet solid which was recrystallized from CH2Cl2-MeOH to yield pure 2-(4,-
toluyl)-5, 10, 15, 20-tetramesitylporphyrin (90%). R/ = 0.06 (CH2CI2： hexane = 1: 3); ^ 
» 
lH N M R (CDCl3, 250 MHz) 5 -2.44 (bs, 2 H), 1.74 (s, 6 H), 1.83-1.85 (ms, 18 H), | 
2.33 (s, 3 H), 2.38 (s, 3 H), 2.55 (s, 3 H), 2.60 (s, 6 H)’ 6.74 (s, 2 H), 6.95 (d, 2 ^ 
H, J = 7.9 Hz), 7.14-7.26 (m, 8 H), 8.51-8.61 (ms, 7 H); UV/Vis >-max (CH2Cl2, 1 
nm, log £): 424.0 (5.42)，520.0 (4.19)，553.0 (3.67), 594.0 (3.66), 650.0 (3.25). f 
F A B M S m/e : 872 (M+). Anal. Calcd. for C63H6oN4'0.5H20: C, 85.77; H, 6.97; N, | 
6.35. Found: C, 86.04; H, 6.84; N，5.70. 
2-Phenyl-5, 10，15，20- tetramesitylporphyrin, H2TMP(Ph) (76a). ( 7 4 % ) 
Rf = .0.76 (CH2CI2： hexane =1: 2). lR NMR (CDCl3, 250 MHz) 5 -2.50 (s, 2 H), 
I.68 (s, 6 H), 1.78-1.80 (ms, 18 H), 2.24 (s, 3 H), 2.50 (s, 3 H), 2.55 (s, 6 H), 6.65 
(s, 2 H), 7.05-7.22 (m，11 H), 8.45-8.55 (ms, 7 H). UV/Vis Xmax (CH2Cl2, nm, 
log£): 424.0 (5.39), 519.0 (4.23), 552.0 (3.88), 594.0 (3.85), 651.0 (3.66). F A B M S 
m/e : 859 (M+). Anal. Calcd. for C62H58N4： C, 86.67; H, 6.80; N, 6.52. Found: C, 







1 ‘ 53 J 
蜀 
2-(4'-Methoxyphenyl)-5, 10，15，20-tetramesitylporphyrin, H2TMPOp-
MeOPh) (76c). (78%) R/ = 0.52 (CH2CI2： hexane = 1: 1). H^ NMR ( C D C l 3 , 250 
M H z ) 8 -2.49 (s, 2 H)，1.68 (s, 6 H), 1.77-1.80 (ms，18 H), 2.29 (s, 3 H), 2.54 (s, 3 
H), 2.55 (s, 6 H), 3.79 (s, 3 H), 6.63 (d，2 H，J = 8.6 Hz), 6.71 (s, 2 H), 7.13-7.26 
| ( m , 8 H), 8.51-8.61 (ms, 7 H). UV/Vis Xmax (CH2Cl2, nm, log£): 421.0 (5.43)， 
517.0 (4.25)，550.0 (3.83)，592.0 (3.85)，648.0 (3.67). F A B M S m/e : 888 (M+-1) . 
•C 
； 
: Anal. Calcd. for C63H60N4.2H2O: C, 81.79; H，6.97; 6.06. Found: C，82.07; H, 
6.82; 5.60. 





I 2-(4'-Chloro-phenyl)-5, 10，15，20-tetramesitylporphyrin, H 2 T M P ( p - | 
ffl ;. 
I ClPh) (76d). ( 7 9 % ) R / = 0 .52 (CH2CI2： h exane =1: 2). l R N M R ( C D C l 3 , 2 5 O f 
'•. ；！ 
？ MHz) 6 -2.46 (s，2 H), 1.72-1.73 (ms, 8 H), 1.82-1.85 (ms, 16 H), 2.39 (s, 4 H)， f 
«•' 
ft 
2.55 (s, 4 H), 2.60 (s，4 H), 6.79 (s, 3 H)，7.09-7.24 (m, 9 H), 8.52-8.60 (ms, 7 H). : 
'' •» 
I 
UV/Vis Xmax (CH2Cl2, nm，log£): 421.0 (5.31)，517.0 (4.56), 550.0 (4.27)，593.0 ； 
i1 
f 
(4.26)，650.0 (4.15). F A B M S m/e : 893 (M+). Anal. Calcd. for C62H57N4Cl H2O: C, ] 
- 1 




Synthesis of H2TMP(Ar)4 A typical procedure was shown for 7 7 b . A Teflon- | 
t 
stoppered flask (50 mL) was charged with H2TMP(Br)4 (50 mg, 0.046 mmol), ^ 
Pd(PPh3)4 (5 mg, 10 mol%), toluene (15 mL)，anhydrous K2CO3 (201 mg, 1.46 
mmol), and 4-toluyl-boronic acid (80 mg, 0.73 mmol). The brown suspension was 
degassed by the freeze-pump-thaw method (3 cycles), and then was heated at 90-100°C 
under N2 for 2 days. Solvent was evaporated and the crude product which was purified 
by column chromatography on silica gel using a solvent mixture of CH2CI2： hexane (2: 
. 
4 
i 1) as the eluent. The brown solution obtained was evaporated to give a violet solid 
^ which was recrystaIlized from CH2Cl2-MeOH to yield pure 77b (84%). Rf = 0.24 
'i 
I (CH2Cl2 : hexane = 2: 1). l R N M R (CDCl3, 250 MHz) 6 -2.09 (bs, 2 H), 1.78 (s, 24 ^ 
I H), 2.28 (s, 12 H), 2.34 (s, 12 H), 6.65 (s, 8 H), 6.67 (d, 8 H, J = 8.7 Hz), 6.86 (d, 
I 8 H, J = 7.9 Hz), 8.22 (s, 4 H). UV/Vis ^max (CH2Cl2, nm, log e): 431.0 (5.28)， 
I 
‘ - 5 4 J 
， 
丨  
i I [ 
I 
525.0 (4.07), 559.0 (3.66), 601.0 (3.58), 661.0 (3.10). F A B M S m/e : 1142 (M+). | 
Anal. Calcd for C84H78N4 3H2O: C，84.24; H, 7.07; N，4.68. Found: C, 84.51; H, |' 
6.83; N, 4.51. 
!• 
2，3，12，13-Tetrakis-(phenyl)-5 , 10，15，20-tetramesitylporphyrin, 
H2TMP(Ph)4 (77a). (71%) Rf = 0.62 (CH2CI2： hexane =1: 1.6). !H NMR 
I； 
I； 
(CDCl3, 250 MHz) 8 -2.06 (s, 2 H)，1.80 (s, 24 H), 2.24 (s, 12 H), 6.62 (s, 8 H), 
6.80-6.97 (m, 20 H)，8.28 (s, 4 H). UVA^is Xmax (CH2Cl2, nm, loge): 431.0 (5.37), ； 
525.0 (4.23), 558.0 (3.83)，598.0 (3.82)，659.0 (3.59). F A B M S m/e : 1087 (M+). 
j Anal. Calcd. for C80H70N4： C, 88.34; H, 6.49; N, 5.15. Found: C, 88.01; H，6.91; L 
i N, 4.89. I 
i r 
..i ‘ I, i ： ii ::i r 
� I 2，3， 1 2， 1 3 - T e t r a k i s - ( 4 ' - a , a，a - t r i f l o r o m e t h y l - p h e n y l ) - 5 , 1 0， 1 5，2 0 - t 
-— i,': 
It e t r a m e s i t y l p o r p h y r i n , H 2 T M P ( p - C F 3 P h )4 ( 7 7 g ) . (75%) R/ = 0.80 ^ 
(CH2Cl2: hexane = 1: 1). !H NMR (CDCl3, 250 MHz) 5 -2.25 (s, 2H), 1.87 (s, 24 | 
K H), 2.25 (s, 12 H), 6.67 (s, 8 H), 7.05-7.16 (m, 16 H), 8.35 (s, 4 H). UV/Vis Xmax | 
(CH2Cl2, nm, loge): 430.0 (5.47), 525.0 (4.49)，562.0 (4.33), 600.0 (4.32)，666 ! 
I 
(4.28). F A B M S m/e : 1058 (M+- 1). Anal. Calcd. for C84H66N4F12 H2O: C, 73.25; ^ 
f 
H, 4.98; N, 4.06. Found: C，72.98; H，5.01; N, 3.95. j 
A Typical Procedure for Synthesis of H2TMP (Ar)8: A 50 mL telfon-
stoppered flask was charged with the H2TMP(Br)8, 66，(1 equiv), Pd(PPh3)4(i5 
mol%), toluene (25-30 mL, 40% THF for porphyrin 78h), anhydrous potassium 
carbonate (40 equiv), and an arylboronic acid (20 equiv). The green suspension was 
degassed by the free-pump-thaw method (3 cycles), and then the mixture was heated b tween 90-100 ^C under N2 for 7 days. The reaction mixtur was worked up byadding equal volume of CH2Cl2 and wa hed with NaHCO3 (40 L), water (2 x 40mL), NaCl (satd). The organic layer w s dried with anhydrous MgSO4. After rotar  evaporation,  c ude product s purifie  by column chromatography n silica gelusing  s lven  mixture f CHCl3, CH2Cl2 and hexa e as the eluent. The l t slow-I i 






moving green band was collected and evaporated to dryness to give a green solid, 
recrystallized by using a solvent mixture of CH2Cl2- EtOH to give the pure green | 
crystalofH2TMP(Ar)8. 
2 ， 3 ， 7 ， 8 ， 1 2 ， 1 3 , 1 7 , 1 8 - O c t a p h e n y l - 5 , 1 0， 1 5， 2 0 - t e t r a m e s i t y l -
p o r p h y r i n , H 2 T M P ( P h ) 8 (78a). (53%) R/ = 0.30 (CHCl3). ^H N M R (CDCl3, 
250 MHz) 6 -0.93 (s, 2 H), 1.85-1.95 (ms, 24 H), 2.01 (s, 12 H)，6.11(s, 8 H), 6.63-
[ 
6.70 (m，40 H). LTWVis Xmax (CH2Cl2, nm, loge): 461.0 (5.65)，557.5 (4.40)，601.0 
(4.27)，703.5 (4.36). F A B M S m/e : 1392 (M+). Anal. Calcd. for C104H86N4 2H2O : 
C, 87.48; H, 6.35; N, 3.92. Found: C, 87.92; H, 6.13; N, 4.00. , 
2，3，7 , 8， 1 2， 1 3， 1 7 , 18-Octak is (4 ' - to luy l ) -5 , 1 0，1 5，2 0 - t e t r a m e s i t y l - | 
I p o r p h y r i n , H 2 T M P 0 ^ - M e P h ) s (78b). ( 5 6 % ) : R/ 二 0.16 (CHCl3). !H N M R | 
《.： i" 
(CDCl3 , 250 MHz) 6 -0.90 (s, 2 H), 1.79-2.30 (ms, 60 H), 6.14-6.91 (m, 40 H). f 
e 
UV/Vis X,max (CH2Cl2, nm, log8): 457.0 (5.68)，551.0 (4.48)，635.0 (4.30), 696.5 f 
I 
(4.60). F A B M S m/e : 1504 (M+). Anal. Calcd. for Ci 12H102N4.4H2O: C, 85.40; H, j 
7.03; N, 3.57. Found: C，85.23; H, 6.84; N, 3.73. |, 
t r • 
2 ， 3 ， 7 , 8 ， 1 7 ， 1 8 - O c t a k i s ( 4 ' - m e t h o x y p h e n y l ) - 5 , 1 0 ， 1 5 ， 2 0 - | 
te tramesi ty lporphyr in H 2 T M P 0 ^ - M e O P h ) s (78c). (50%), R/ = 0.16 (CHCl3). \ 
f 
lH N M R (CDCl3, 250 MHz) 6 -0.94 (s, 2 H), 1.89 (s, 24 H), 2.02 (s, 12 H), 3.55-
3.71 (ms, 24 H), 6.17-6.20 (m, 25 H), 6.48 (ms, 15 H). UVAVis Xmax (CH2Cl2, nm, 
loge): 457.0 (5.36), 551.0 (4.18), 635.0 (3.99), 696.5 (4.28). F A B M S m/e : 1840 
(M+). Anal. Calcd. for Cn2H102N4O8 H2O: C, 80.64; H, 6.41; N，3.6. Found: C, 
80.90; H, 6.42; N, 4.00. 
2，3 , 7, 8， 1 2， 1 3， 1 7， 1 8 - O c t a k i s ( 4 ' - c h l o r o p h e n y l ) - 5 , 1 0， 1 5， 2 0 -
t e t r a m e s i t y l p o r p h y r i n , H2TMP0^-ClPh)8 (78d). (88%), R/ = 0.86 (CHCl3). 
lH NMR (CDCl3, 250 MHz) 5 -1.04 (s, 2 H), 1.85 (s, 24 H), 2.11 (s, 12 H), 6.28 (s, 
； 8 H), 6.53-6.68 (m, 32 H). UV/Vis Xmax (CH2Cl2, nm, loge): 460.0 (5.82)，555.5 
):¾ 
i 
！ • 56 
(4.58), 600.5 (4.40). F A B M S m/e\ 1668 (M+). Anal. Calcd. for: C104H78N4Cl8 H2O: 





2，3，7 , 8， 1 2， 1 3， 1 7， 1 8 - O c t a t k i s ( 4 ' - r ^ r ^ - b u t y l p h e n y l - 5 , 1 0 ， 1 5 ， 2 0 -
t e t r a m e s i t y l p o r p h y r i n , H 2 T M P 0 ^ - t B u P h ) 8 (78e). ( 4 5 % ) , R/ = 0.25 (CHCl3) 
lH N M R (CDCl3, 270 MHz) 5 -0.96 (brs, 2 H), 0.96-1.09 (m, 54 H), 1.19-1.23 (m， 
18 H), 1.73-1.97 (ms, 33 H), 2.19 (s, 3 H), 6.10-6.16 (m, 6 H), 6.33-6.76 (m, 31 | 
H), 6.89 (s, 3 H). UV/Vis Xmax (CH2Cl2, nm, loge): 464.0 (5.37)，558.5 (4.18)， 
j 706.5 (3.78). F A B M S m/e : 1840 (M+). Anal. Calcd. for: C136H150N4.3H2O: C, 
86.25; H, 8.31; N, 2.96. Found: C, 86.19; H, 8.01; N, 3.18. | 
S ： 
2，3，7, 8，12，13，17 , 1 8 - O c t a k i s ( 4 ' - a , oc, a - t r i f l o r o m e t h y l - p h e n y l ) - 5 , ！ 
1 0， 1 5，2 0 - t e t r a m e s i t y l p o r p h y r i n , H 2 T M P 0 ^ - C F 3 P h ) 8 (78g). ( 7 8 % ) , R/ = 
0.78 (CH2CI2： hexane= 1: 1). !H NMR (CDCl3,250 MHz) 6 -0.94 (s, 2 H), 1.88 (s, [ 
24 H), 2.07 (s, 12 H), 6.18 (s, 8 H), 6.76-6.78 (m, 16 H), 6.96 (d, 16 H, J = | 
8.1Hz). UV/Vis A,max (CH2Cl2, nm, loge): 458.0 (5.60)，556.0 (4.78), 598.0 (4.76), |, 
720.0 (4.74). F A B M S m/e : 1934 (M+-2). Anal. Calcd. for Q12H78N4F24.H2O : C, \ 
68.85; H, 4.13; N, 2.87. Found: 68.45; H, 4.25; N, 2.77. | 
t • 
2 ， 3 ， 7 , 8 ， 1 2 ， 1 3 ， 1 7 , 1 8 - O c t a m e t h y l - 5 , 1 0， 1 5，2 0 - t e t r a m e s i t y l -
porphyr in H 2 T M P ( M e ) 8 (78h). (74%), R/ = 0.11 (CHCl3). ^H N M R (CDCl3 , 
250 MHz) 5 1.90 (s, 24 H), 2.18 (s, 24 H), 2.55 (s, 12 H), 7.24 (s, 8 H). UVA^is 
>-max.(CH2Cl2, nm, loge): 458.5 (5.17), 614.5 (4.11)，666.0 (4.09). F A B M S m/e : 
896 (M+). Anal. Calcd. for C64H70N4.4H2O: C, 79.49; H, 8.13; N，5.79; Found: C, 
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Chapter II Synthesis and Properties of Diporphyrins 
II-1 Introduction: 
Solar energy conversion in nature, such as that effected by photosynthetic 
bacteria, is a process of both great importance and great complexity. It begins with the 
capture of sunlight by hundreds of chlorophyll arrays and the commensurate funneling 
of that energy migration and transfer. ^ The photosynthetic reaction center from 
Rhodopseudomonas virids has been structurally characterized by X-ray 
Icrystallography in 1984. Six tetrapyrrolic subunits are found at two very similar active I 
sites: a dimeric bacteriochlorophyll "special pair (SP)", two "accessary" � 
bacteriochlorophylls (Bchls) and two bacteripheophytins (Bphs), all held in a well- : 
defined but skewed geometry along a C2 axis of s y m m e t r y . ^ In the natural 二 
.:.i f< 
photosynthetic reaction center (RC)，the excitation energy absorbed by photosynthetic 
r. pigments is efficiently transferred to the special pair (SP) to yield its singlet excited j| 
ij - '] 
state, from which a stable ion pair state (SP)+--(Bphs)_ is formed within 3ps. As ‘丨 
{ 
characterized by the X-ray structure determinations, two of the Bchl molecules are f 
l'! 
1 closely associated spatially and electronically to form SP and the interplanar separation �� 
I � I 
f of the two macrocycles in this dimer is about 3.8 A. Two Bchl molecules that comprise 
1 
I SP have the same structure as other Bchl molecules mostly working as antenna 
I 
f pigments.3 At present, the bacterial photo-synthetic reaction centers are the only 
I • 
j membrane-bound electron-transfer proteins for which highly refined crystal structures 
I exist. A subsequent series of electron transfer events within the reaction center complex 
f produces a long-lived, transmembrane charge-separated state.4 This charge-separated 
?i 
1 
state, in tum, provides a means of storing energy (as chemical potential) for eventual 
I: 
•VS 
\ use in various biochemical reactions. 
I 
1 
i Understanding the factors that govem the energy-and electron-transfer processes 
\ 
- 6 3 J 
in natural photosynthetic systems is an important prerequisite to the manufacture of, for 
instance, solar energy conversion devices. Considerable research effort, therefore, has 
been devoted to the study of these processes, and in this context, a large number of 
supramolecular model systems have been prepared.5，6 Most of these were introduced 
in an effort to obtain insight into the charge-separating electron-transfer events，as 
opposed to the initial energy-transfer process. Nevertheless, the models prepared to 
date have been proved to be extremely useful. For example, studies made with many 
covalently-linked, donor-acceptor model systems have served to reveal the effects of 
structural factors, such as distance and orientation, as well as parameters associated 
jm 
with the electronic nature of the spacer, overall energetic (i. e., the driving force), | 
temperature, and solvent on the rates of the charge-separation process. Multiporphyrin | 
devices display geometrical analogy to the natural system. In particular, compounds in 
«.' 
which two or several porphyrins are rigidly held in an oblique fashion are especially 
H-1 
,:;| 
promising and relevant to the modeling of the reaction center. ’; 
I - ^ 
m Most of the porphyrin dimers that have been studied can be broadly classified ,. 
_ into two categories: (1) linear stacked dimers either covalently or hydrogen bonded; (2) 丨 
• cofacial dimers linked by linear spacers to achieve parallel configuration. These | 
I diporphyrins exhibit interesting chemical and photophysical properties. I 
II-1-1 ： Linear dimers 
I 
Over the years many examples of systems with linear extended porphyrin 
structures have been reported7' 8 The preparation of arrays of covalently linked 
porphyrins is a popular area of research, not only for its possible application to the 
elucidation of natural photosynthetic mechanisms, but also for probing the 
I fundamental physico-chemical properties of the porphyrin chromophore. Structurally 
I 
？ characterized examples include ethane-bridge Ni(n)OEP,9 1，2-bis(5-octa-ethylchlorin) 
q 
j ethane,lO and 10，10-dithiobis(coproporphyrin II tetramethyl ester).l^ Tsvirko and 
1 
• 64 . 
^ 
Solovevl2 prepared ether-linked dimers and the Cu and Co derivatives. In the free base 
dimer, the Q-band absorption is red-shifted by 7 nm compared to the monomer while 
the fluorescence yield remains unchanged. In this series of porphyrin dimers with ZnP 
linked to various metalloporphyrins by methylene chains, quenching was observed for 
both singlet and triplet excited states of ZnP (Fig. 24). 
！ Tol J f ^ 
散 。 " 脅 . 
Tol 79 丁01 pf 
f‘ 




Levano et a/l3 have studied intramolecular energy transfer in covalently ether 二 
I 
linked hybrid porphyrin dimers (Fig. 25). Using P-acenaphthone as a triplet donor, the ', 
- , I 
lower-energy ZnP triplet is populated. Intramolecular energy transfer from ^ZnP* ^ 
(excited state) to the H2P fragment subsequently takes place. j. 
i 
^r-^-^^"^^vXV/N^ j 
~ 4 : " 0 ^ � \ y ~ * — 
/ 80 \ 
Fig . 25 
Among the diporphyrins reported, the archetypical "gable" porphyrin described 
by Tabushi et a/.14 is of particular importance (Fig. 26). This is a TPP type 
porphyrin dimer, and its symmetrical metal complexes have served as models for 
cytochrom C3 geometry and redox behavior and for hemoglobin type allosterism. 





i I i 
I 
^^^^"7^¾¾^^^^^¾^?^ "^^! 
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F i g . 26 
Binding small molecules cooperatively, this gable porphyrin systeml4b, c, d 
behaves similarly to natural Hb. The original structure of the dimeric porphyrin, 一 
te 
especially when two porphyrins are very strongly cooperative, usually imposes : 
」',、. 
,'’i 
chemical strain between porphyrins and this strain is released by the first binding of J 
.‘k ••' 
small molecule which affects coordination property of the metal porphyrin (Fig. 27). ；. 
‘ . ; : 
These T- (the low O2 affinity form) and R- (the high O2 affinity form) complexes 
! : ' 
adsorb strongly and reversibly various coordinating guests-such as O2, CO, or [ | 
I [ 
coordinating bases. The reversible O2 adsorptions to the complex is ascertained by |二： 
i 
I., 
repeated appearance and disappearance of the electronic absorptions characters of j 
-*••-• 




Kobuke et a/.15 have studied the fluorescence properties of the "gable" j^ .«» 
porphyrin and their metal complexes. Picosecond time resolving fluorescence spectra 
identified the very rapid rate process in the order of 1 0 ^ s"l for energy as well as 
electron transfer from the Si state of Zn-TPP to the free base or Fe(III)-TPP units. 
、 66 
a 4 ^ ^ , , • . • ^ 
n 
'X 、:域 ] 
feSo^I^? 
^ 0 ¾ ^ 0 ^ - ¾ ¾ 
Fe"2 Gable porphyrin, 82 
n ^ ' A � ' 
^ ^ : ^ ^ ^ ¢ ^ 
[ ^ B : ^ M ^ V B 
义 <； ^ � , Ts"0 I 
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O j ^ M v ^ ^ > ? ^ < V ： 
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j ] Rstate ：二 
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mechanism of allosteric O2 binding (Tabushi's model) ‘ j： 
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The "gable" porphyrin's basic framework has recently been used and | ,! 
i.-{ 
- i ‘ 
generalized by Sessler et aO^ to build highly interesting multicomponents for electron 丨 
I'M 
transfer studies (Fig. 28). These compounds are suitable photosynthetic models for the ;. j 
^ I 
study of energetic and orientation affecting in a multistep, long-range electron transfer ::: 
h 
process. 卞’ 
: „ 翁 " ^ ^ " 
Ar: ~ ^ 3 " C H 3 R: CH3 
83 
Fig. 28 
Recently, the synthesis and photophysical characterization of nucleobase-
substituted porphyrins designed to form rigid hydrogen-bonded ensembles, and to 
allow for energy transfer within the resulting complexes have been reported by 
f 1'¾ I [«• 
if- � 57 
瞧. 』 
Sessler's group.l7 The Waston-Crick nucleobase-pairing interactions between 
guanosine- and cytidine-bearing porphyrins are used to assemble the hydrogen-bonded 
ensembles (Fig. 29). Likewise zinc(II), free-base porphyrins are used respectively as 
the donors and acceptors within the supramolecular within the supra-molecular 
assembly. Both singlet and triplet energy transfer is observed within the various donor-
acceptor assemblies. These compounds provide a novel and useful approach to 
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• , . / 
M = Zn, 84 R, R' = — CH2CH2OCH2CH2OCH3 
H2.85 |i^  
- j^  
F ig . 29 |/ 
i 
I 1 
_.f i^  
,ii 
I I - l - 2 Cofacial porphyrins (or strati-bisporphyrins)： :¾ 
I 
u 
Cofacial porphyrins are porphyrin dimers in which the two porphyrin rings are 
held in parallel conformation (face-to-face). They are also called strati-bisporphyrins. 
Kagan et al}^ have reported the synthesis and characterization of the first example of 
cofacial porphyrin derivatives, H2TO7-OMe)PP and H2T0?-COOMe)PP, linked by four 
carboxyethlene units (Fig. 30). 
i 
I、 68 ^ ^ 
^ ^ B 
r < ? ^ 
y O ^ - ^ ^ C ^ 
� ^ ^ ^ ^ � 
0 \ 
^ ^ ^ _ 。 
^ J C ^ r ^ u ^ 




Chang, Netzel and coworkers have made a detailed study of homo and hetero if 
i'、， 
dimers derived from a cofacial porphyrin dimer (Fig. 31).19 The porphyrin subunits '；' 
V" 
are linked by two amidomethylene chains composed of four or five atoms. By using 
1 ‘ 
spectral and kinetic results, the excited states were quenched by the addition of 
:i: 
iodobenzene and p-benzquinone. The rates and theromodynamic efficiencies of these in ,, 
<'•. 
'•, 
vitro ET reactions has been shown to compare favorably with those of the primary � 
charge separations found in natural photosystem. |;/ 
^ ^ ¢ 2 ^ ^ 2 I 
l ^ 3 ^ 
87 Ri 
Fig. 31 
At the same time, a variety of cofacial dimers have been prepared by Collman's 
group based on m^50-tetraaryl-substituted systems, followed by their work on face-to-
face porphyrins with 5,15-20 and 2, 12-linkages.2^' 2^ Variations in the interplanar 
distances in these systems with cofacial orientation have been achieved by coupling the 
j � 69 
L ‘ ^ 
1^  
* 
porphyrins with two or more straps or by using rigid bridging units such as 
b i p h e n y l e n e d i y l , anthracenediyl，23，24 or 1, 2-phenylene.^5, 26 ( S c h e m e 14). T h e 
dicobalt ^-superoxo complex synthesized by Collman's group27 has been implicated in 
possible mechanisms of the electrochemical four-electron dioxygen reduction by 
dicobalt cofacial diporphyrins 88. They described the isolation and full 
characterization of the stable superoxo complex of the cofacial diporphyrin[(^-
O2)C02(DPB) (DPIm)2][PF6] (91) as well as the nonaqueous electrochemistry of this 
bridged superoxo complex. 
+ 
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Preparation of the ^-superoxo complex | j 
[ai-O2)C02(DPB)(DHm)2][PI=6] i^ 
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II- l -3 Synthetic approach： 
Most of diporphyrins synthesis suffer from long and tedious procedures and 
are generally linked via meso aryl spacer. One classic route employed the [2 + 2] 
condensation of valuable dipyrrolmethanes and dialdehydes (Scheme 15).28 The overall 
yield was only 8%. 
？ j 3 
^^ __R4 R4_^ R? Ri F^^^^^ R^2 
O H C - A r - CHO — — ^ ' ' " ^ ^ r - ^ ' ' Q H c T ^ ^ c H O ； 
^ N ^ V ^ ' ^ f 
i ^ R 4 R 4 � I 
R3 "3 丨；： 
^2 ?3 [3 丄2 • 
R i V V ^ ^ ^ < ^ R 4 R4^^^(^^Y^^^>^^^Ri I 
5 ¾ " ' ¾ ¾ ！ 
R i A ^ X A ^ R 4 R r ^ y ^ ^ A ^ R i :j 
R2 R3 R3 R2 I 
92’ 8% [^  
Scheme 15 
Another example was reported by Smith's group in 1992 (Scheme 16).29 
Aldehyde 93 was first reduced to alcohol 94 by the reaction with lithium aluminum 
hydride. It was then condensed with pyrrole 95 to give the dipyrromethane 96 in 
greater than 90% yield. The formyl group from dipyrromethane 86 was regenerated by 
oxidation with tetrapropylammonium per-ruthenate in dichloromethane and the resultant 
formyldipyrromethane 97 was isolated in 85% yield. Further reaction of 97 in pyrrole 




I : ^ 
ethylene glycol gave 99，and was then condensed with diformyldipyrromethane 100 to 
form porphyrin dimer 101 in 22% yield. 
Me Et Et 
Jri^ M^^^^c02Et 
/ ^ r^ " N^c02Et ^ N ^ 
CHO^__y~CH(OEt)2 - ^ HOCHr^ ^CH(OEt)2 — ^CHO-^3~^\ ^ 
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Me02C~/"^XXp^Me Me^ ^ )^^ ^ j^;;^ ^K^C02Me | 
Me Et Et Me 丨|! 
i^ 
101’ 22% 
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II-2. Results and discussions: 
II-2-l Synthetic strategy 
Encouragement from our success in synthesizing p-substituted porphyrins by 
Suzuki cross-coupling reaction (Chapter I), we envisaged that a diporphyrin would be 
easily obtained from two complimentary procedures: (1) mixed condensation of 
boronated aldehyde with aldehyde and pyrrole --Suzuki cross-coupling with P-bromo 
porphyrin; (2) Suzuki cross-coupling of p-bromo porphyrin with boronic acid 
fe 
aldehyde--mixed condensation of porphyrin aldehyde with aldehyde and pyrrole ‘丨 
有 
(Scheme 17). These new diporphyins would provide possibilities for the preparation of '•“ 
f^ 
both homo-, and hetero-metalloporphyrins. Subsequently, the interaction of porphyrin : 
K«. 
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/ Modified Adler's method 
IB(0H)2| z 
^ : : • 0 _ Q ^ H O / 
<^i^  Cross-coupling ^^ — ^^^^HO i s M ^ M ^ m ^ Scheme 17 � 73 .^A 
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II-2-2 Synthesis of diporphyrins via condensation and 
Suzuki cross-coupling 
This method involves the preparation of boronated porphyrin 104 and its 
subsequent condensation with P-monobromoporphyrin [H2TPP(Br)] via Suzuki 
cross-coupling reaction to form diporphyrin 107. 
Boronated benzaldehyde 104 was prepared by Sommelet reaction of p-
tolylboronic acid in 33% yield (Scheme 18). 1，3-Propanediol was used to protect the » 
_ iu 
boronic acid residue to avoid undesired reaction at the electrophilic boron atom.3i ‘ 
f 
t'H 
C H 3 C H O ^ ^ C H O 入 NBS f J ^ HO OH r ^ • • 
V b e n z o y l peroxide ^^ ^ TsOH L y ^ 
^ 3 丫 ^ r , 丫 
B(OH)2 二 B(OH)2 24 h 入 ；：" 
102 103 33% CT、0 《 
104 -'^  
i 
S c h e m e 18 ^ 
1^ 抖‘丨 ',¾ 
1^  
The protected benzalehyde 104 was allowed to react with pyrrole and ^ 
benzaldehyde in CHCl3 at room temperature for 24 hours under N2 in the presence of a 
catalytic amount p-toluenesulfonic. Subsequent oxidation by p-chloranil afforded the 
boronated porphyrin 106 in 33% yield (Scheme 19，eq 20). 
Diporphyrin 107 (Fig. 32) was successfully prepared in 88% yield by mixing 
4 equivalent of boronated porphyrin 106, 1 equivalent of monobromoporphyrin 105, 
8 equivalent of potass ium carbonate and 10 mol% (Ph3P)4Pd in toluene at 100 ^C for 
48 h (Scheme 19，eq21). 
ii 
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Scheme 19 
II-2-3 Synthesis of diporphyrins via Suzuki cross-coupling_-condensation ^ j Alter atively, diporphyrins we e prepared via mixed condensation of P_ iI arylporphyri ld hydes with arylaldeh d s. The meso- and p-linke  arylp rphyrins ft with bot  lectron-withdrawing an  el ctron-don ting groups on the aryl rings werep epared via mixed con ensat on of P-a ylporphyrin aldehyde with aryl a dehydes. • Substituted porphyrin aldehydes (113-115) w re prepared from the Suzuki eaction ofH2TPP(Br) wi h boronat d ldehyd s 110, 111，112 w ich er synthes ze  oma^  �1 fi � 75 iiLs. ^^^^ 
^ ^ 
tolylboronic acids via the bromination of tolylboronic acids (Scheme 20). 
Condensation of 1 1 3 and 1 1 4 with aryl aldehydes and pyrrole gave diporphyrin in 
1 7 % - 2 3 % yields. The sterically more hindered porphyrin aldehyde 1 1 5 , however, did 
not give any diporphyrin. The advantages of this method are: (1) synthesis of p-
substituted benzaldehyde porphyrins do not require any protection of aldehyde or 
boronic acid; (2) p-substituted benzaldehyde porphyrins can be synthesized in one step; 
(3) electron-withdrawing or electron-donating groups can be easily introduced. 
^ . C H 3 ^ / C H O 
r ^ i NBs r % 1 
• k 
L y ^ benzoyl peroxide L ^ ^ f 
> r CHCI3 ^ f :�’ 
I hv or heat | i 
B(OH)2 B(OH)2 :、 
'c 
108 109 102 110 111 112 :^ 
0- m- P- 0- m- P- •；• 
S3 
Yield(%) 76 27 16 . V'» 
'', 
S c h e m e 20 | 
- 1 
( 1/ fi 
f|h Yield% :, 
^^^^:j^/*:^^^^^"^J^ArAr: - ^ ^ C H O 62 H3 | 
V NH N = ^ ^ H 0 i 
" H H ^ " n Q 86 114 ^ 
^ ^ _ B . 115 
Ph 
F i g . 33 
i Y i e l d % 
^ H ) 2 K2CO3 113 62 (22) 
H2TPP(Br) + r ^ ~ ^ ^ ~ " - 114 86 (23) 
^ ^ ^ l ^ J (Ph3P)4Pd 
\ c H O 92G==C 115 ^ (24) 
110-112 
S c h e m e 21 
1 '^  
� 76 
J • ^ ^ 
^ ^ 
Ar ^•^^^ Ar 
^ K ~ ^ A r < ^ j K ^ 
<^NH I ^NH N=^ 
- ¾ ^ ^ % ^ " 
Ar 
i A r P h p - P h C H 3 p - P h C F 3 p - P h ^ u p - P h O M e 
No 116 117 118 119 120 
^ r = ^ Ph ^ ^ p I 
^ ^ y ^ Y ^ ^ 
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I Ph - { 
1 1 2 1 ,丨 
^ 
I F i g . 34 — 
J^ ,'丨1 
1 ^^  
. ： Y i e l d 。 / 。 丨 
： CHO 116 22 (25) 二 
人 r \ P r o f f 117 17 (26) 
1 1 3 + 2B\ I + 29 11 \ \ _ ^ — — ^ , , � M ,97� 
Y \ | ^ x ^ Reflux 118 23 (27) 
i_i 10-18 h … ‘ … 
P H 119 18 (28) 
120 20 (29) 
CHO 人 fT^ ^ T T 
114+28 丨 + 2 9 � n _ ^ 121 23% (30) 
1 ^ ^ \ | ^ X Reflux ‘ 丫 H 18h 
R 
I 




I 113，114 and 1 1 5 were prepared from the reaction of H2TPP(Br) (57) with 
1 
boronic acid aldehydes 110-112 via Suzuki cross-coupling reaction in 62%, 86% and 
1 � 77 ^ 
7 5 % yield respectively. Diporphyrins 1 1 6，1 1 7 , 1 1 8 , 119，120 and 1 2 1 were 
synthesized by mixing 1 equivalent of 1 1 3 or 114，28 equivalents of aryl aldehyde 
and 29 equivalents of pyrrole. The sequence of adding reactants was very important for 
the condensation. Aryl aldehydes was first dissolved in propionic acid and heated up to 
reflux temperature for 1-5 minutes. 1 1 3 or 114 was added into the above mixture in 
one portion and then the mixture was refluxed for several minutes. Pyrrole was added 
into the mixture at once. If pyrrole, benzaldehyde and 113 or 114 were added in one 
portion, no desired diporphyrins were obtained. Presumably, 1 1 3 or 114 was too 
sterically bulky for the mixed condensation, and pyrrole preferentially reacted with aryl 
_ 
aldehydes to give tetraaryl porphyrins. When 1 1 3 or 114 was added prior to pyrrole, , 
d 
protonation of the aldehyde was possible to facilitate any mix-condensation. Ortho- | 
I 
^^ 
formylporphyrin 1 1 5 did not condense with pyrrole to give diporphyrin likely due to '•‘ 
i );: 
i the steric hindrance. 
i J" 
| j The azeotropic removal of propionic acid from the reaction mixture was crucial. � 
ri If propionic acid was distilled out at atmospheric pressure, diporphyrin decomposition ^ 
I .丨 
occurred. It was gratifying that propionic acid formed an azeotropic mixture with ^ 
toluene.32 The reaction mixture was first cooled down, and the solution was rotary f 
evaporated off with successive addition of portions of toluene (binary system at 80 oC). (' 
一 
Further chromatography of diporphyrins yielded pure products. 
II-2-4 Metalation of diporphyrins 
Homobimetallic complexes of 123, 125，126，127, 128 and 129 were 
I prepared by stirring a solution of 107, 121 respectively in CHCl3 with a solution of 
i 
metal acetates in MeOH at room temperature both in 96% yield (eq 31-35 and 37, 38). 
j 
t 
^ ‘ i j i 
1 、 78 
塵 ^ ^ 
^ ^ = ^ ^ : ^ i \ ^ r / % x A : ^ ^ Ar Mi Mg No. 
r ^ / I \\ / \ _ / Ph 2H Zn 122 
V ^ / ^ ^ - A f n ^ A ^ , 1 Ph zn Zn 123 
T / f > ^ 3 - ( \ 八 I r 、 C� & 124 
A r ^ t y i " ^ b ^ == c:：；：： 
^ ^ Ar V 丫 ^ Tol Pt Pt 127 
Ar 
F i g . 35 
Yield% 
122 76 (31) 
123 95 (32) 
107 + M(OAc)2 C H C � : � r ' 124 89 (33) J* 
125 92 (34) '； 
i>y 
126 95 (35) 1 
BReflux „ 一， /Qc\ ' 
117 + PtCI2 + PhCN —^~~^ 127 80% (36) .. 
丨 ，、 
l | S c h e m e 23 ^ 
^ u : 》 
' ^ ^ ? ¾ ^ ^ ¾ i 
% ^ ^ p h J 
Ph 
Mi M2 No. 
Zn Zn 128 
Cu Cu 129 
F i g . 36 
\ Yield% 
I …" ,八， � C H C i y C H , O H _ 128 96 (37) 
i 121 + M O A c 2 f i l f ~ ^ I 4_5 h 1 的 96 (38) 
t \ 
I S c h e m e 24 ,-¾ 
.6 
Heterobimetallic complexes were synthesized through selective metalation. 
m 
When 1 equivalent of Zn(OAc)2 2H2O in methanol was slowly added to 107 in 
_ CHCl3 at room temperature (1 drop every 5 minutes), the major product was found to 
i� 、 19 
i ^ ^ 
be 122 (76% yield based on consumed 107). If the rate of addition was too fast or 
more than 1 equivalent of Zn(OAc)2.2H2O was used, non-selective metalation was 
observed. The selective metalation was found to be at the P-substituted porphyrin core. 
The structure of 122 was confirmed by an independent synthesis through the cross-
coupling of 106 with ZnTPP(Br) (Scheme 25，eq 39). Both products exhibited 
identical R/ values in T L C and identical !H NMR spectra. 
!
106 + ZnTPP(Br) 丁。丨了’ K.CO3 , ,^^ 
90-100°C, 24-48 °C � , 
% Scheme 25 , 
^ Selective metalation at the P-substituted ring may be due to its possible non- i|' 
i^ ^ 
|i 
•‘ planar conformation. It is known that non-planar porphyrins undergo metalation faster :“ 
tf ::, 
/ than planar ones.32 Takeda reported^^ that the non-planar porphyrin H2DPP reacted 二 
‘ \ 
: ？ 
t^ with Cu(II) faster than the planar porphyrin H2TPP by a factor of 6 x 10^ times. As the 5' 
.i 
:。,. 
four nitrogen atoms of H2TPP are in the same plane, they have to coordinate a metal at ''' 
i 
the same time with higher entropy of activation. Whereas, less than four nitrogen ！ i/ n 
atoms of H2DPP can coordinate to a metal ion at the same time without changing the , 中 i' 
conformation of porphyrin ring significantly, a lower entropy of activation results. This j!i 
C '^  
“ stepwise metalation results in a much faster rate than that of a planar porphyrin | 
1 (Scheme 26). ^ 
• ^ i f ^ 
-
t M 
i � ‘ w 
I M 
I / N ^ , ^ N \ M � , N ^ ^ N � 
I V N ^ N ； ^ i N ^ M ； 
1 Scheme 26 
It may be possible that the p-porphyrin core of a P-disubstituted porphyrin ring 
adopts a non-planar structure. Therefore，metalation firstly occurred in the P_ 
substituted porphyrin core. This proposal needs to be confirmed by X-ray • 
Platinum complex 127 was synthesized by the benzonitrile method.34 PtCl2 
was added to PhCN and the mixture was refluxed for 0.5 hour to form Pt complex 
J 
垂 80 J 
(Pt(PhCN)2Cl2). Then porphyrin 1 1 7 was added and the solution was further refluxed 
for 2 h to give 127 in 80% yield (eq 36). Al l the metal complexes were obtained in 




I II-2-5-l. Proton N M R spectra： 
i 
I i~ 
The chemical shifts of aldehyde protons in porphyrin aldehyde 1 1 3 , 1 1 4， 1 1 5 
|睡 
were 9.90，9.88 and 9.89 ppm for m^ra-benzaldehyde porphyrin, ortho-benzaldehyde | 
t^ I 
^ •乂 
porphyrin and para-benzaldehyde porphyrin, respectively. The chemical shifts remained ：‘ 
•i j . i"i 
• roughly the same. Al l the diporphyrin protons were also well assigned in their spectra 
••'. 1 V 
•V-- «. 炉. . 
； and were characterized by two sets of phenyl-type ring resonances corresponding to the 
,* 
• ',:.i 
bridging phenyl ring protons, appearing as a set of resonances from 7.2 to 8.5 ppm ':: 
!r 







V： Table 10 Chemical shifts of phenyl of diporphyrins \ 
<^  1 p Ji 
rt _ 乙 k| 
f ~ Q " 5 ppm i 
義 一 
I H 2 ^ H ^ NH 
:¾ I 1 0 7 7.72 7.24 -2.49，-2.73 .¾ 
1 1 7 7.98 7-8 -2.50, -2.73 
• ； 118 7.95 7.58 -2.49, -2.77 
.i 
i 1 1 9 7.97 7.74 -2.48, -2.69 
w 
1 2 0 7.98 7 j ^ -2.50，-2.72 
1 2 
^ 3 , 
M 3 ppm ! 1 2 1 7.58’ 7.47 8.54, 8.09 -2.53，-2.71 
- 8 1 ^ 
A further diagnostic feature of dimers was the appearance upper field NH 
signals of 116. It was assigned to be the NH signal in mejo-phenyl porphyrin ring. 
The regioselective monometalation of diporphyrin 107 to 122 at the p-
substitutent ring was asecrtained by the N-H resonance. 122 synthesized from the 
I coupling of 106 with ZnTPP(Br) (eq 30) exhibited identical NH chemical shift at 5 
！ 
-2.73 ppm. 107 showed two internal pyrrole resonance at S -2.49 and -2.73 ppm, 
if' 
respectively (Fig. 37). 
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Fig . 37 




' 1 All free base diporphyrins show splitted Soret bands in their visible spectra. On 
1 the contrary, no split Soret bands were observed for either P-arylTPP or meso tetraaryl 
1 、 82 
1 :. J 
porphyrin. The position, the shape and the width of the Soret band in diporphyrins 
have been used as probes for estimating the size of coupling interaction between the 
two chromophores.35 
Table 1 1 U V absorbance of diporphyrins 
^ max (nm, log8)/ C H 2 C l 2 
Soret band Q band 
107 417(4.73)，426(5.79) 514(4.34)，550(4.52), 588(3.96)，646(3.67) 
1 1 7 420(5.83), 426(5.87) 518(4.84), 553(4.64)，592(4.53), 648(4.48) 
118 419(5.92), 427(5.96) 517(4.92), 551(4.64), 592(4.53)，648(4.42) n 
'I 
1 1 9 421(5.85), 428(5.89) 518(4.84)，554(4.66), 593(4.66), 650(4.51) , 
！ 
120 420(5.71), 427(5.75) 518(4.71), 554(4.53), 593(4.38), 649(4.36) ：； 
1二 >•
121 417(5.66), 427(5.65) 517(4.76), 551(4.60), 593(4.57), 650(4.58) ：^ 
1 1 3 421(5.71) 518(4.51), 554(4.22), 594(4.15), 651(4.06) | 
!
114 421(5.65) 518(4.55), 594(4.28), 650(4.23) | 
123 418(5.27), 428(5.77) 550(4.64), 654(2.89) . t 
^ ^ 
I 124 423(5.20) 550(4.67) '� 
1 125 412(5.27) 530(4.16) ^ 
^ sJ 
I 126 422(5.68), 428(4.53) 682(3.76) | 
：； 128 418(5.46), 431(5.45) 551(4.48), 545(1.99) ^ 
f 
i 129 413(5.33), 424(5.29) 541(4.38), 579(1.64) 
‘ H2TPP 419 515,548,592,647 
(令 
K H2TPP(Ph) 419(5.63) 517(4.36)，592(3.85), 647(3.65) 
1 ZnTPP 425(5.66) 539(4.53), 578(3.89) 
t 
ZnTPP(Ph) 424(5.48) 552(4.12) 
ci • 
The visible absorption spectra of the diporphyrins displayed two well resolved 
peaks at 416，426 (116); 417，427 (121); 420，427 (120); 419, 427 (118); 420，426 
(117) and 421, 428 (119) nm whereas tetraphenyl porphyrin and 2-phenyl-5, 10, 15-
i 、 83 
I ^ ^ 
[ ^ ^ 
tetraphenylporphyrin [H2TPP(Ph)p6 exhibited only a sharp single Soret band at 419 
i nm (Fig. 38, Table 11 )• 
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The visible absorption spectra of bis(cobalt-cobalt, nickel-nickel and zinc-
cobalt) complexes showed no split Soret bands, but only broad peaks compared with 
that of H2TPP. The band width at half height for complex 126 (^max = 422 nm) was 
38 nm. 125 and 126 showed broadened Soret bands likely due to the expansion of 
porphyrin ring 7C-system through excitonic interaction. The splitting pattern of these 
visible bands in the case of metal complexes showed an interesting dependence on the 
nature of the central metal. The Soret bands of complexes 123 and 128 had been red-
shifted for 10 nm and 13 nm compared with that of H2TPP. 
_ 
Electronic interactions within diporphyrins are thought to be responsible for t 
i 
some of its characteristic properties, such as the ease of oxidation of porphyrin K- ^ 
',I 
r-
system oxidation and the low energy of the first 1(冗，K*) excited state compared to the 
V'1 
*•' 
corresponding monomeric chromophores. The latter property accounts for a — 
;i 
fH 
bathochromic shift in the long-wavelength absorption band and the dimer as an <! 
I 丨：  
I effective trap for the harvested photon energy.37 ]| 
S .i 
t； V I 
;| . 
” The remarkable splittings of Soret bands depend on the spatial arrangement of t 
^ I 
the two porphyrin rings. The phenyl bridge likely remains at a certain angle to the mean 'H 
|f 
porphyrin plane, thereby minimizing direct K-K interaction between the porphyrin and ^ 
0^ 
<^ ,:. 
I the bridge. Supporting to this argument, the splitting depends on the orientation of two 
porphyrin rings since more strongly interacting face-to-face porphyrins do not show 
any Soret splittings.2l According to Kasha's theory (see appendix), Q band will either 
be red shifted (producing a small HOMO-LUMO gap), blue shifted (producing a larger 
HOMO-LUMO gap) or unblue shifted due to the head-to-tail or face-to-face orientations 
o f / and/'(/ and/, being the corresponding transition dipoles). The first two cases 
lead to split Soret bands while the latter produces no split Soret bands. The interaction 
depends on interporphyrin orientation. Although the difference of red shift of 116 (8 
nm) and 121 (9 nm) is just 1 nm, the magnitude is in accordance with the theory and 
the results of Maruyama's group.39 
I 
. 
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II-2-5-3. Excitation and emission spectroscopy: 
The early s t u d y 4 0 of light induced energy transfer between the chlorophylls of 
antenna pigments and electron transfer between the (bacterio-)chlorophylls of 
photosynthetic reaction centers are crucial initial steps in understanding natural 
photosynthesis. Porphyrin dimers appear to be useful models for understanding the 
photophysical characteristics of such natural hydroporphyrin assembles. Usually, 
intramolecular electron transfer between two porphyrin units is the main reaction 
occurring after light excitation. The electron donor part will have to be a singlet excited -
I 
state (*lD), and the acceptor porphyrin (A) will have to display a very high-lying ’ 
\ 
singlet excited state so as to avoid undesired energy transfer from (*lD). In order to : 
c 
favor electron transfer, the acceptor porphyrin should be relatively easy to be reduced 
and the singlet excited state of the donor ( “ D ) must be a good reductant. Those 
electronic properties can be govemed by the nature of the metal centers introduced in the ::, 
central coordination sites of each porphyrin. In order to gain further insight into the t 
i I 
understanding the electron transfer of porphyrin chromophores, excitation and emission ” 
I f' 
istudies were carried out for the free base diporphyrin and their metal complexes. \ 
. i I 
1 f 
. 一 «5 
4 • • 一 
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Fig. 40. Room-temperature excitation and emission spectra of molecules 107,122， 
123 and 124. (A) Fluorescence excitation was monitored at 651 nm; A-ex(emission)= 
420 nm; CHCl3 solvent. (B) Fluorescence excitation was monitored at 651 nm; 
X^x(emission) = 420 nm; CHCl3 solvent. (C) Fluorescence excitation was monitored at 
651 nm; Xex(emission) = 420 nm; CHCl3, solvent. (D) Fluorescence excitation was 
monitored at 652 nm; X^xCemission) = 420 nm; CHCl3 solvent. 
For compounds 107,122，123，and 124, the excitation spectra mirrored the 
absorption spectra，as expected for pure compounds (Fig. 40). Each emission spectrum 
of 1 0 7 , 122，123 and 1 2 4 consisted of two peaks that mirrored the Q band 
absorptions. The complex 123 exhibited an unsymetrical emission band. The emission 
- 8 7 J 
spectrum of ZnZn-diporphyrin 123 showed a little fluorescence quenching compared 
with that of diporphyrin 124. ZnCo-diporphyrin (124) showed strong quenching 
compared with that of diporphyrin 107. That the quenching may occured has been 
attributed to electron transfer taking place in two diporphyrins according to the 
following sequence of reactions: 
！ PZn P C o ^ * P Z n P C o (40) 
* n 7 « A electron + “ 




* + - fast 1 
1 *PZn PCo • PZn PCo (42) t 





I The difference in emission quenching may be rationalized by the redox potentals 
‘,；> ^. I 
of metalloporphyrin (Table 12). CoTPP possesses the least negative reduction potential : 
‘’ 4 
(i.e. the easiest to be reduced) compared with those of H2TPP and ZnTPP. Therefore， ;i 
^ > ‘ 
拳 _|: 
I CoTPP accepts an electron from the excited zinc porphyrin easier than that of ZnTPP � 
^ , 
^ and H2TPP. Consequently, the electron-transfer pathway contributes significantly to t 
i ', 





'J Table 12 Redox potentials (V vs SCE) of metal complexes and H2TPP in DMF^^ 一 
I ; Oxidation Reduction 
I 敢 ^ ring centered metal centered ring centered 1 Compound 已“？⑵ Ei/2(1) 1 匪 i m E1/2(l) Ei/2(2)* H2TPP 1.28 0.95 - .05 -1.47 6 1 06 -0.82 1 8715 0.80 97i Zn 03 71 3 80I — : *E 1/2( 1) for the one-elect on steps • i/2(2) f r t  two- lect 9 一 J ， • � 88 >; ―曼—彳
III-3. Conclusion: 
2，3 and 4- formylphenyl porphyrins 1 1 3 ’ 114，115 have been synthesized in 
good yields via Suzuki cross-coupling reaction, meso-, beta- Linked diporphyrins 
1 0 7 , 1 1 7 , 118，119, 120，and 121 have been prepared by two Suzuki cross-
coupling reaction—Alder's condensation sequences. Some homo-, hetero- metal 
complexes have also been prepared. Selective metalation of Zn has been found at the P_ 
substituted porphyrin core for diporphyrin 122 and the structure has been confirmed by 
an independent synthesis. Free base diporphyrins show split Soret bands due to -
t 
excitonic coupling. The diporphyrin complex 1 2 4 shows strong fluorescence ‘ 
i 
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II-4. Experimental section: 
lH N M R spectra were recorded on a Bruker WM250 super-conducting (250 
MHZ) spectrometers and Bruker A R X 500 (500 MHz) spectrometer respectively. 
Chemical shifts were internally referenced to the residual proton resonance in CDCl3 (6 
7.24)，or with tetramethylsilane as an internal standard. Coupling constants {J) were 
reported in hertz (Hz). Mass spectra were obtained on a V G 70-70 system. F A B mass 
spectra were recorded on a JEOL JMS-HX 110 Mass Spectrometer using m-nitrobenzyl 
alcohol (NBA) as the matrix at National Tsing Hua University in Taiwan and V G Z A B 1 
f 
3F Mass Spectrometer using N B A as the matrix at Wuhan University. Elemental ‘ 
《 
1 
analysis were carried out at the M E D A C Ltd., Department of Chemistry, Brunnel ” 
University, Uxbridge, Middlesex UB8 3PH, United Kingdom. UV-vis spectra were 
recorded on a Hitachi UV-3000 Spectrophotometer. Toluene and THF were distilled 
from Na under nitrogen and degassed by the freeze-thaw-pump method (-196 to 25 ^C, 
:'！ 
three cycles). Column chromatography was carried out in air using silica gel (70-230 \ 
[/' 
mesh or 230-400 mesh). All reactions were monitored by thin layer chromatography. s 
^ 
> 






2-, 3- and 4 - T o l y l b o r o n i c A c i d ( 1 1 0， 1 1 1 and 112). To a solution of 
trimethyl borate (12.7 g, 0.12 mol) in anhydrous tetrahydrofuran (80 mL) at -70 ^C, 0-
tolylmagnesium bromide，prepared from m-bromotoluene (14.1 g, 8.30 mmol) and 
magnesium (2.21 g, 9.10 mmol) in THF via reflux for four hours, was added 
dropwise. After the Grignard reagent had been added, the reaction mixture was stirred 
below -60 oC for one hour, and was then hydrolyzed with 10% hydrochloric acid (60 
mL). The inorganic salt formed was filtered off and the THF layer was separated and 
then the aqueous layer was extracted with ether. The combined organic extracts were H 
1 washed with water and dried over anhydrous sodium sulphate. Concentration of the _ 
j I i � 90 r . _—崎
solution gave white crystals, which were washed with hexane and water, affording 
pure 2-tolyboronic acid (108) (7.5 g, 67.1% yield). 
2-Tolyboronic acid (108). i R N M R (CDCl3, 250 MHz) 5 2.77 (s, 3 H) 7.19-
7.28 (m, 2 H), 7.40-7.44 (m, 1 H), 8.15-8.18 (m，1 H). MS m/e : 354 (M+， 
C21H21B3O3, trimer). mp: 165-167 ^C (lit.42 1 67 o Q . 
I 3-Tolylboronic A c i d (109).43 (68%). lH NMR (CDCl3, 250 MHz) 8 2.46 (s, 3 
H), 4.63 (s, 2 H), 7.33-7,41 (m, 2 H), 8.03-8.06 (m, 2 H). MS m/e : 136 (M+). mp: 
152-153 o c 
4-Tolylboronic acid (102).43 (81%). lR NMR (CDCl3, 250 MHz) 5 2.43 (s, 3 
M 
H), 7.28 (d, 2 H, J = 7.5 Hz), 8.10 (d, 2 H, J = 7.5 Hz). MS m/e : 354 (M+， t 
* ,• 
] C21H21B3O3, trimer). mp: 244-245 ^C (lit.43 244 oc). ^ 
I . 
！ ' 
！ 2 -Formylphenylboronic acid (110).44 108 (4.0 g, 2.80 mol) and NBS (12.1 g, 
I ：' 
零 6.9 mmol) (both dried for 24 hours at 110 oC) were dissolved in dry CCl4 (100 mL). A 
';、 
small volume of solvent (20 mL) was then distilled off to ensure anhydrous condition. J 
1 ‘ 
I Benzoyl peroxide (0.6 g, 2.48 mmoI) was then added and the solution was heated to •{ 
i ,i 
1 ^ 
I reflux for 6 hour. After addition of cold cyclohexene (5 mL) to remove unreacted f 
<1 
NBS, the mixture was filtered, and extracted with aqueous potassium hydroxide (15%, \ 
i iL 
4 X 30 mL). The combined extracts were adjusted to pH 3 with cHCl, left at room for '' 
一 
90 min, and was then extracted with ether and dried (MgSO4). The evaporate was 
I recrystallized from water (25 mL) to give 2-formylphenylboronic acid 110 (3.5 g, 
75.6% yield). lR NMR (250 MHz, CDCl3) 5 7.92 (dd, 2 H, J = 6.0, 6.8 Hz), 10.28 
(s, 1 H). MS m/e : 150 (M+). mp 120-125 ^C (lit.45 123 oC). 
General procedure for the preparation of 111， 112-
I f o r m y l p h e n y l b o r o n i c a c i d / 5 3-F0rmylphenylb0r0nic acid (111) . In 
1 a 500 mL flask, 3-tolylboronic acid (1.36 g, 10 mmol), dry CHCl3 (75 mL), benzoyl • 
5 peroxide (0.30 g，1.2  mmol) and NBS (2.95 g, 7.7 mmol) were mixed. The solution 9 
was refluxed and illuminated with a 200-watt unfrosted tungsten lamp for 3 hours. A • 
I - 91 J 
solution of hexamethylenetetramine (3.17 g, 23 mmol) in dry CHCl3 (34 mL) was 
added in one portion and the reflux was continued for 1 hour. The hot CHCl3 was 
decanted and the residue in the flask was extracted with 30 mL of hydrochloric acid of 
pH 4. A few drops of CHCl3 was added to the aqueous solution and this solution was 
refluxed for 1 hour. The resulting hot cloudy solution was quickly transfered into a 
beaker and treated immediately with cHCl (2 mL). The solution became clear, pure 
formylphenylboronic acid began to crystallize immediately. The solid was collected 
from a cooled solution and recrystallized from water to give 3-formylbenzeneboronic 
acid 1 1 1 (0.40 g, 27 % yield). lH NMR (250 MHz, CDCl3) 5 4.88 (s, 2 H), 7.57 (t, 
m 
1 H，J = 7.3 Hz), 7.96-8.04 (m, 2 H)，10.05 (s, 1 H). MS m/e : 149 (M+). mp: 117- I 
\ . 
I l i 9 0 C (lit.44 118-120 o Q . ！ 
I . : : 
I 
1 4-Formylphenylboronic acid (112). (16% yield). lH N M R (250 M H z , CDCl3) 
i :: 
j 5 6.67 (s, 2 H), 7.63 (d, 2 H, J : 8.1 Hz), 7.81 (d, 2 H, J = 8.0 Hz), 9.82 (s, 1 H). 
MS m/e : 150 (M+). mp: 238-239 ^C (lit.45 240 oC) j 
Preparation of protected p - f o r m y l p h e n y l b o r o n a t e 104. 103 (1.0 g, 6.67 ^ 
i j, 
mmol) and propane-1, 3-diol (0.51 g, 6.67 mmol) were added to toluene (20 mL). The | 
|. 
solution was refluxed for two hours and then cooled to room temperature A precipate � 
一 
formed and was washed with cold toluene three times (3 x 10 mL) to give a white filter 
of p-formylphenylboronate 111(320 mg, 23% yield). lR NMR (CDCl3, 250 MHz) 5 
2.06 (m, 2 H), 4.16 (t, 4 H, J = 5.3 Hz), 7.79-7.91 (m, 4 H), 10.00 (s, 1 H). MS 
m/e : 1 9 0 (M+). Anal. Calcd. for C10HnBO3: C，63.21; H, 5.83. Found: 62.68; H, 
5.73. 
5 (4,-Boronate-)，10，15，20-tetraphenylporphylporphyrin (106). Pyrrole 
(120.8 mg, 1.80 mmol), benzaldehyde (143.3 mg, 1.35 mmol) and p-
formylphenylboronate 104 (85.5 mg, 0.45 mmol) were added to CHCl3 (150 mL, 
I distilled from CaCl2). The solution mixture was purged with nitrogen for 5 minutes. ‘ I I� 、 92 % i _^ i&,, i
Boron trifluoride etherate (0.2 mL, 1.60 mmol) was added, and the mixture was stirred 
at room temperature for 1.5 hour. Chloranil (435 mg, 1.80 mmol) was added and 
stirring was maintained for 30 minutes. The solvent was evaporated off. The crude 
product was chromatographyed with CHCl3 as the eluent to give porphyrin 106 (48 
mg, 33% yield). R/ = 0.11 (CHCl3). !H NMR (250 MHz, CDCl3) 8 -2.81 (s, 2 H), 
2.17-2.22 (m, 2 H), 4.31 (t, 4 H, J = 5.0 Hz), 7.70-7.80 (m, 9 H), 8.15-8.24 (m, 10 
H), 8.82 (s, 8 H). Anal. Calcd. for C47H35N4BO2.H2O: C, 78.77; H，5.20; N, 7.82. 
Found: C, 78.80; H, 4.99; N, 7.62. F A B M S m/e : 698 (M+). UV-Vis Xmax (CH2Cl2, 
nm, loge): 417 (5.63), 514 (4.45), 549 (4.12), 590 (3.95)，646 (3.91). 
tm 
I 
4 ’，or 3 ,，or 2 ' - F o r m y l p h e n y l p o r p h y r i n 1 1 3 ， 1 1 4 and 1 1 5 . A 50 mL \ 
telfon-stoppered flask was charged with H2TPP(Br) (1 equiv), formylphenyl boronic 
\ 
acid (108，109 or 102) (4 equiv), tetrakis(triphenylphosphine)palladium (10 mol% )， 
3 
anhydrous toluene (25-30 mL), and anhydrous potassium carbonate (8 equiv). The 
purple suspension was degassed by the freeze-pump-thaw method (3 cycles), and was ) 
i - :< 
j then heated between 90-100 °C under N2 for 48 hours. The reaction mixture was ； 
I ‘‘ 
I worked up by adding equal volume of CH2Cl2 and washed with Na2CO3 (satd, 40 •, 
i ； 
mL), water (2 x 40 mL) and brine (40 mL). The organic layer was dried (MgSO4) and ^ 
ii 
rotary evaporated to dryness. The crude product was purified by column I 
I chromatography on silica gel using a solvent mixture of CH2Cl2/ hexane ( 2 : 1 ) as the 
eluent. The purple band was collected and evaporated to dryness to give a purple solid 
which was recrystallized from CH2Cl2-methanol. 
2 - ( 4 ' - F o r m y l p h e n y l ) - 5 , 10，15，2 0 - t e t r a p h e n y l p o r p h y r i n (113) ( 6 2 % 
yield). .R/ = 0.21 (CH2CI2： hexane = 2 : 1). lH NMR (CDCl3, 250 MHz) 6 -2.63 
(s, 2 H), 7.22 (m, 2 H), 7.48 (d, 2 H, J = 8.1 Hz), 7.73-7.77 (m，12 H)，7.91 (d, 2 
H，J = 8.1 Hz), 8.18-8.23 (m, 6 H), 8.73-8.84 (ms, 7 H), 9.98 (s, 1 H). Anal. 
I 
j Calcd. for C51H34N4O 2H2O : C, 81.15; H, 5.05; N, 7.43. Found: C, 80.87; H, 
;; 4.59; N, 7.37. F A B M S m/e : 718(M+). UV-Vis A,max (CH2Cl2, nm, loge): 421 9 
I (5.71)，518 (4.51), 554 (4.22), 594 (4.15), 651 (4.06). | 
I � 9 3 i d .,,疼一‘
2 - ( 3 ' - F o r m y l p h e n y l ) - 5 , 1 0， 1 5，2 0 - t e t r a p h e n y l p o r p h y r i n ( 1 1 4 ) (8 6 % 
yield). R/ = 0.20 (CH2CI2： hexane = 2 : 1). !H NMR (CDCl3, 250 MHz) 8 -2.64 (s, 
2 H), 7.20-7.23 (m，3 H), 7.71-7.76 (m, 13 H), 7.89 (s, 2 H)，8.19-8.23 (m, 6 H), 
8.75-8.84 (ms, 7 H), 9.90 (s, 1 H). Anal. Calcd. for C51H34N4O 2.5H2O : C, 80.19; 
H, 5.15; N, 7.33. Found: C, 80.24; H, 4.56; N, 7.29. F A B M S m/e : 718 (M+). U V -
Vis Xmax (CH2Cl2, nm, log£): 421 (5.65), 518 (4.55), 594 (4.28), 650 (4.23). 
2 - ( 2 ' - F o r m y l p h e n y l ) - 5 , 1 0， 1 5，2 0 - t e t r a p h e n y l p o r p h y r i n ( 1 1 6 ) ( 7 5 % 
m 
yield). R/ = 0.15 (CH2Cl2: hexane = 2 : 1). iR NMR (CDCl3, 250 MHz) 8 -2.65 ! 
(s, 2 H), 7.22-7.30 (m, 2 H), 7.40-7.45 (m, 2 H), 7.69-7.76 (m, 13 H), 8.21 (bs, 6 ] 
IH), 8.62 (d，1 H, J = 5.0 Hz), 8.61-8.86 (ms, 7 H), 9.88 (s, 1 H). Anal. Calcd. for 
C51H34N4O 2H2O : C, 81.15; H, 5.05; N, 7.43. Found: C, 80.84; H, 4.59; N, 7.35. 
I F A B M S m/e : 718 (M+). UV-Vis Xmax (CH2Cl2, nm, loge): 422 (5.59), 518 :: 
I (4.15), 551 (4.11), 594 (4.08), 650 (4.03). . 
I - < 
1 ^ 
I l - [ 2 - ( 5 , 1 0 ， 1 5 ， 2 0 - T e t r a p h e n y l p o r p h y l ) ] - 4 - ( 5 , 1 0 ， 1 5 ， 2 0 - ^ 
竭 j 
1 tetraphenylporphyl)benzene (116). A 50 mL telfon-stoppered flask was charged � 
^ L 
« with H2TPP(Br) (24.1 mg, 0.035 mmol), porphyrin boronate 106 (80 mg, 0.121 f 
I ^ 
I mmol), tetrakis (triphenylphosphine)palladium (10 mmol%), toluene (25-30 mL), and ？ 
I 
- anhydrous potassium carbonate (41.8 mg, 0.30 mmol). The purple suspension was 
i 
^ degassed by the freeze-pump-thaw method (3 cycles) and the mixture was then heated 
.,_£ 
‘ between 90-100 ^C under N2 for 48 hours. The reaction mixture was worked up by 
I 
I adding equal volume CH2Cl2 and washed with Na2CO3 (satd, 40 mL)，water (2 x 40 
1 mL) and brine (40 mL). The organic layer was dried with anhydrous MgSO4. The 明 诚. ， solvent was evaporated. The crude product was purified by column chromatography on 
: silica gel using a solvent mixture of CH2Cl2/ hexane (1: 1) as the eluent. The purple red 
i I band was collected and evaporated to dryness to give a purple red solid which was �•^  
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i : J 
N M R (CDCl3, 250 M H z ) 5 -2.74 (s，2 H)，-2.49 (s, 2 H), 7.24 (dd, 2 H, J = 7.4，7.7 
1 Hz), 7.61-7.83 (m，21 H)，8.00 (d, 2 H, J = 9.0 Hz), 8.24-8.29 (m, 14 H), 8.81-
'•； 9.06 (m, 15 H). Anal. Calcd. for CggHsgNg ^ O : C, 84.85; H, 4.85; N, 9.00. Found: 
C , 85.00; H, 4.80; N, 8.85. U V - V i s X^ax (CH2Cl2, nm, loge): 418 (5.38), 426 
(5.39)，592 (3.76), 648 (3.70). F A B M S m/e : 1227 (M+-1). 
l - [ 2 - ( 5 , 10， 1 5 ， 2 0 - T e t r a p h e n y l z i n c p o r p h y l ) ] - 4 - ( 5 , 10， 1 5 ， 2 0 -
t e t r a p h e n y l p o r p h y l ) b e n z e n e (122). 1 1 6 (10 mg, 0.0082 mmol) was dissolved 
in CHCl3 (30 mL) in a 50-mL round-bottomed flask equipped with a magnetic stirring ， 
bar. Zinc acetate (1.8 mg, 82 p,mmol) in methanol (5 mL) was added via an addition ‘ 
1 、’ 
') 
funnel. The course of the reaction was monitored by T L C (silica gel) after each addition 
(1 drop / 5 min). T L C analysis indicated the presence of two new spots. The faster 
moving one (R/ = 0.36，CHCl3: hexane = 2 : 1) corresponded to 122; the other was :， 
123 (R/= 0.11，CHCl3: hexane = 2 : 1). After several repeated chromatography and : 
recrystallization with ethanol-CH2Cl2 to obtain 122 was obtained (6.1 mg, 76% yield). ！ 
- _ I 
i 
The other method used was via Suzuki cross-coupling reaction. A 50 mL telfon- > 
i; 
stoppered flask was charged with ZnTPP(Br) (20 mg, 0.027 mmol), porphyrin � 
t 
boronate 106 (65 mg, 0.093 mmol), tetrakis(triphenylphosphine)palladium (10 — 
mmol%), toluene (25-30 mL)，and anhydrous potassium carbonate (32.1 mg, 0.23 
mmol). The purple suspension was degassed by the freeze-pump-thaw method (3 
/r 
cycles) and the mixture was then heated between 90-100 ° C under N2 for 48 hours. 
The reaction mixture was worked up by adding equal volume of CH2Cl2 and washed 
.¾ 
’ with Na2CO3 (satd, 40 mL), water (2 x 40 mL) and brine (40 mL). The organic layer 
I was dried (MgSO4) and the solvent was evaporated. The crude product was purified by 
-m 
‘ column chromatography on silica gel using a solvent mixture of CHCl3/ hexane (2: 1) 
I as the eluent. The purple red band was collected and evaporated to dryness to give a 
I purple red solid which was further recrystaIlized from CH2Cl2-methanol to obtain • 
I diporphyrin 122 (18 mg, 52% yield). i R N M R (CDCl3, 250 MHz) 5 -2.74 (s, 2 | 
. 9 5 j 
H), 7.24 (dd, 2 H, J = 7.4, 7.7 Hz), 7.59-7.81 (m, 21 H), 8.00 (d, 2 H，J = 9.0 
Hz) , 8 .21-8.36 (m, 14 H), 8.86-9.16 (m, 15 H). Anal . C a l c d . for 
ZnC88H56N8.2C2H5OH: C，79.0; H, 4.96; N, 8.10. Found: C, 79.58; H, 4.99; N, 
7.67. F A B M S m/e : 1289 (M+-1). HRMS (matrix, N B A ) calcd for CggHsaNgZn-H+ 
1289.3997, found 1289.3462. UV-Vis A<max (CH2Cl2, nm, loge): 416(4.73)，426 
(5.79), 514 (4.34), 550 (4.52), 588 (3.96), 646 (3.67). 
f <^  
General procedure for preparation of diporphyrin 116，117， 




p-Anisaldehyde (1.03 g, 9.74 mmol) was added to propionic acid (110 mL) in a 1 
250 mL round bottom flask. As soon as the solution started reflux, 4-formylphenyl 
porphyrin 1 1 3 (0.25 g, 0.35 mmol) was added and stirred for several minutes with 
i 
the colour changing from green to red. Then pyrrole (0.67 g, 10.07 mmol) was added : 
'k 
immediately. The mixture was refIuxed for 18 hours. The crude mixture was ( 
- i . 
rotary evaporated of the solvent under the reduced pressure (added equal volume ' 
toluene for three times) and the solvent was evaporated thoroughly. The crude dry h 
/, 
product was chromatographyed on silica gel using a mixture CH2Cl2/ hexane (2: 1) as J: 
1^ 
the eluent. The final diporphyrin, 1-(5, 10，15，20-tetraphenylporphyl)-3-[2- ;' 
»"* 
( 5，1 0，1 5，2 0 - t e t r a p h e n y l p o r p h y l ) ] b e n z e n e (121) was obtained in 23% 
yield. Rf= 0.61 (CH2CI2： hexane = 2 : 1). lR NMR (CDCl3, 250 MHz) 5 -2.71 (s, 
2 H), -2.53 (s, 2 H)，7.47 (t, 2 H, J = 7.4 Hz), 7.58 (d, 1 H), 7.69-7.93 (m, 21 H), 
8.08 (d, 2 H，J = 7.4 Hz), 8.26 (bs, 14 H), 8.54 (s, lH), 8.77-9.13 (ms, 15 H). l^c 
NMR (CDCl3, 62.9 Hz) 5 120.84，121.19, 121.96，126.47, 127.38, 128.43， 
^ 131.01，131.72, 132.39, 133.65, 134.63, 135.32, 136.93，137.40，137.84，141.90, 
专 
: 142.22, 142.69, 143.13, 143.27，146.03，147.81. Anal. Calcd. forC88H58N8.H2O: 
] C, 84.85; H, 4.85; N, 9.00. Found: C, 84.38; H, 4.67; N, 8.85. F A B M S m/e : 1228 
I (M+). U V - V i s Xmax (CH2Cl2, nm, logs): 417 (5.66), 427 (5.65), 517 (4.76)， i 
1 551(4.60), 593 (4.57)，650 (4.58). i I • 96 j 
1-(5, 10，15，20-Tetraphenylporphyl)-4-[2-(5-phenyl, 10，15，20-
tritoylporphyl)] benzene (117). (22% yield). R/= 0.12 (CH2CI2： hexane = 1 : 
1). lH NMR (CDCl3, 250 MHz) 5 -2.73 (s, 2 H), -2.50 (s, 2 H), 2.70 (s, 3 H), 
2.73 (s, 6 H), 7.61 (m, 7 H)，7.73-7.82 (m，13 H), 8.15 (d, 2 H, J = 8.1 Hz), 8.16-
8.27 (m, 14 H), 8.80-9.06 (ms, 15 H). 1½ NMR (62.9 Hz, CDCl3) 8 22.14, 120.79, 
1 121.15, 122.03, 127.15, 127.41, 128.09, 128.39，129.32，131.75，134.38, 135.22, 135.29, 137.18, 137.99，140.14，140.61，142.62, 143.06, 147.48，152.56, 157.17. 
縫 
I Anal. Calcd. for C91H64N8.l.5H2O: C, 84.30; H, 5.21; N, 8.64. Found: C, 84.24; 
I H, 5.12; N, 8.54. L-SIMS m/e : 1269.45 (M+). UV-Vis Xmax (CH2Cl2, nm, loge): 
I 420 (5.83), 426 (5.87), 518 (4.84), 553 (4.64)，592 (4.53), 648 (4.48). f 
I 1-(5, 10，15，20-Tetraphenylporphyl)-4-[2-[5-phenyl-10, 15，20-Tri(4,- | 
1 a , a，a-trifloromethyl-phenyl)porphyl)]] benzene (118). (23% yield), R/ = 
I 0.39 (CH2CI2： hexane = 2 : 1). lH NMR (CDCl3, 250 MHz) 5 -2.77 (s, 2 H), -2.49 
i 
“ (s, 2 H), 7.58 (dd, 2 H, J = 7.5，7.5 Hz), 7.72-7.84 (m, 12 H), 7.95 (d, 2 H, J = 7.9 : 
I • 
I Hz), 7.93-8.09 (m, 6 H), 8.23-8.26 (m, 6 H), 8.37-8.40 (m, 8 H), 8.81-9.05 (m, 15 .( 
‘ H). Anal. Calcd. for C91H55N8F9 l.5C2H5OH: C，75.24; H, 4.30; N, 7.47. Found: ^ 
^ C, 75.65; H, 4.54; N, 6.89. L-SIMS (matrix: NBA) m/e : 1431.5 (M+). UV-Vis Xmax . 
i 
i (CH2Cl2, nm，logE): 419 (5.92), 427 (5.96), 517 (4.92), 551 (4.64)，592 (4.53), 648 ^ 
; L 






,： l-(5, 10，15，20-Tetraphenylporphyl)-4-[2-[5-phenyl-10, 15，20-tri(4'-
'- methoxyphenyl)porphyl)]] benzene (120). (18% yield), R/ = 0.42 (CH2CI2： 
i 1 ^ 
I hexane = 30 : 1). lR NMR (CDCl3, 250 MHz) 5 -2.72 (s, 2 H), -2.50 (s, 2 H), 4.10 細. . 舊 - (s, 9 H), 7.24-7.33 (m, 6 H), 7.61 (dd, 2 H, J = 7.3，8.2 Hz), 7.76 (m, 12 H), 7.97 ？1 d, 2 7 = 7.2 Hz), 8.12-8.36 (m, 14 H), 8.80-9.05 (ms, 15 H). Anal. Calcd. forI i C91H64N8O3 .5H2O: C, 80.21; H, 5.10; N, 8.22. Found: C, 9.94; H, 4.92; N,； 7.89. F A B M S m/e : 13 7.6 (M+). UV-Vis Xmax (CH2Cl2, nm, loge): 421.0 (5.85), 42 .0 (5. 9)，518.0 (4.84)，554.0 (4.66), 593.0 (4.51), 650.0 (4.51). i ！ • 97 J 
”-r 
:..:,:'. 
1 - ( 5 , 1 0， 1 5，2 0 - T e t r a p h e n y l p o r p h y l ) - 4 - [ 2 - [ 5 - p h e n y M 0 , 1 5，2 0 - t r i ( 4 ' -
•'>； 
t b u t y l y p h e n y l ) p o r p h y l ) ] ] benzene (119) . (20% yield), R/ = 0.71 (CH2CI2： 
hexane = 2 : 1). ^H N M R (CDCl3, 250 MHz) 5 -2.69 (s, 2 H), -2.48 (s, 2 H)，1.54-
1.64 (m, 27 H)，7.58 (dd, 2 H，J = 7.5, 7.6 Hz), 7.71-7.84 (m, 18 H), 7.97 (d, 2 H, 
J = 7.9 Hz), 8.18-8.28 (m, 14 H), 8.82-9.06 (ms, 15 H). l 3 c NMR (62.9 Hz, 
CDCl3) 8 32.37, 35.58, 120.55，120.85, 124.25, 127.41, 128.40，129.29，131.74， 
132.42, 134.46’ 135.16, 137.15，137.99，140.03，140.61, 142.18, 143.05，143.38， 
151.23. L-SIMS m/e : 1395.7 (M+). HRMS calcd for C100H82N8.H+ 1395.6741, 
found 1395.6963. U V - V i s Xmax (CH2Cl2, nm, loge): 420.0 (5.71)，427.0 (5.75), 
« M 
518.1 (4.71)，554.2 (4.53), 593.0 (4.38)，649.0 (4.36). f 
j 1 i 
General procedure for preparation of diporphyrin complexes 
123，124，125，126，128 and 129. 
In a 50 mL flask，a diporphyrin (16 n,mol) solution in CHCl3 (15 mL) was 
•1 
added with 5 equivalent of a metal acetate solution in methanol (5 mL). The solution , 
- s 
was stirred for about 4-5 hours at room temperature. After rotary evaporation, the crude :� 
^ ,. 
1 
product was chromatographed on silica gel with CH2Cl2 as the eluent. Pure complexes — 
i 
were obtained from further recrystallized from CH2Cl2-methanol or CH2Cl2-ethanol. | 
Complex 123 (recrystallized from CH2Cl2-ethanoI). (95% yield), R/ = 0.90 ^ 
(CHCl3). lH NMR (CDCl3, 250 MHz) 5 7.24 (dd, 2 H, J =7.4，7.7 Hz), 7.61-7.83 一 
(m, 21 H), 8.00 (d, 2 H, J = 9.0 Hz), 8.22-8.37 (m, 14 H), 8.93-9.19 (ms, 15 H). 
Anal. Calcd. for C88H54N8Zn2 2.5C2H5OH: C, 76.79; H，4.6; N, 7.87. Found: C, 
77.02; H, 4.94; N, 7.26. F A B M S m/e : 1354 (M+). HRMS (matrix, NBA) calcd for � C88H54N8Zn2.H+ 1351.3132, found 1351.3010. UV-Vis >^ ax (CH2Cl2, nm, loge):415.0 (5.27), 429.0 ( .77)，550.0 (4.64)，654.0 (2.89). i omplex 12  (recrystallized from CH2Cl2-methanol). 89% yield) R / = 0.92臺 （ C H C l 3 )  F A B M S mJe : 1347 (M+). Anal. alcd. for C88H54N8CoZn.2.5CH3OH: C,  6.15  , 50 85 ound: C, 75.7 ; H，485; N，7.35. UV-Vis Xmax ( H2Cl2, | I nm, loge): 4 3.0 (5.20), 550.0 (4.6 )  i • 98 j
C o m p l e x 125 (recrystallized from CH2Cl2-ethanol). (92% yield), R/ = 0.90 
(CHCl3). F A B M S m/e : 1341 (M+) UV-Vis A^ max (CH2Cl2, nm, loge): 412.0 (5.27)， 
530.0 (4.16). 
C o m p l e x 126 (recrystallized from CH2Cl2-ethanol). (95% yield), R/ = 0.95 
(CHCl3). lH NMR (CDCl3, 250 MHz) 8 7.24 (dd, 2 H, J = 7.4, 7.7 Hz), 7.61-7.81 
(m，21 H), 8.00 (d, 2 H, J = 9.0 Hz), 8.02-8.26 (m, 14 H), 8.92-9.18 (ms, 15 H). 
F A B M S m/e : 1341 (M+-1). UV-Vis A^ max (CH2Cl2, nm, loge): 422.0 (5.68), 528.0 
(4.53), 682.0 (3.76). 
Complex 128 (recrystallized from CH2Cl2-ethanol). (96% yield), R/ = 0.95 
m 
(CHCl3). lH NMR (CDCl3, 250 MHz) 6 7.42 (t, 2 H, J = 7.4 Hz), 7.72 (m, 22 H), j 
|T 
8.05 (d, 2 H，J = 7.4 Hz), 8.21 (bs, 14 H), 8.50 (s, lH), 8.86-9.22 (ms, 15 H). 1 
‘ 
F A B M S m/e 1354 ( M + - l ) . U V - V i s Xmax (CH2Cl2, nm, loge): 418.0 (5.46), 431.0 :j 
J 
(5.45), 551.0 (4.48 ). 
Complex 129 (recrystallized from CH2Cl2-ethanol). (96% yield), R/= 0.90 
(CHCl3). F A B M S m/e : 1351 (M++1). UV-Vis A<max (CH2Cl2, nm，log8): 413.0 , 
(5.33), 424.0 (5.29), 541.0 (4.38). i 
K 
I ： ‘ 
I Synthesis of diplatium diporphyrin complex 127: PtCl2 (53 mg, J 
H ) 
1 0.20 mmol) in PhCN (5 mL) was heated under nitrogen for 15 minutes to generate f 
^ — 
1 PtCl2(PhCN)2. Diporphyrin 1 1 6 (20 mg, 0.016 mmol) was added to the resulting 
mixture and was refluxed under nitrogen overnight. The mixture was evaporated under 
I reduced pressure and the crude product was chromatographyed with a solvent mixture 
/ 
I of CH2Cl2/ hexane (1: 1). The first band was collected and recrystallized from CHCl3-
methanol. Red crystals were obtained (16 mg, 80% yield). Rf = 0.85 (CH2CI2： hexane 
= 1 : 1). lH NMR (CDCl3, 250 MHz) 6 2.70 (s, 9 H), 7.24-7.52 (m, 7 H), 7.74-7.80 
(m, 13 H), 7.90 (d, 2 H, J = 8.1 Hz), 8.17 (m, 12 H), 8.28 (br s, 2 H), 8.76-8.82 
(ms, 15 H). EIMS m/e : (M+) 1655.45 UV-Vis A,max (CH2Cl2, nm, loge): 409.0 
(5.77)，512.0 (4.97), 542.0 (4.60). 
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Chapter III Novel Rhodium Porphyrin Complexes: 
Intermolecular Activation of Arene Carbon-
Hydrogen Bond and Formation of a Nitrile-
Bridged Coordination Polymer 
III-1 Introduction: 
III-1-1 Activation of C - H bonds n 
； ！ 
• ‘ 
• The activation of chemically inert carbon-hydrogen bonds under mild conditions 
震 constitutes a rapidly growing research area in recent years. 1 Addition of C-H bonds to 
i m e t a l species is the approach which offers potential for the selective functionalization of 
hydrocarbons. From the mechanistic perspective, intermolecular C-H activation can be 
classified into 4 types. (1) Oxidative addition to single metal centers; examples include ！ 
rhodium (I)^, iridium(I)3 and platinum(0)4 complexes in neutral media. (2) Electrophilic 
attack at electron deficient metal centers; examples are rhodium(III)5, palladium(II)6 and 
s 
p l a t i n u m ( n ) 7 complexes, often in strongly acidic media or performed in cationic metal '' 
complexes. Some non-transition-metal ions such as Hg2+, TP+，and Pb4+ are also > 
ii丨 Q 
known to act as electrophiles capable of metalation of arenes.8 (3) a-Bond metathesis; ^ ,、： 
'\ metathesis of M-R with Ri-H gives M-Ri most often for early transition metal and 





Bergman's group has first reportedlO the direct one-stage intermolecular 
oxidative addition of unactivated hydrocarbons. Their investigations begin with the 
preparation of the dihydrido-iridium(III) complex 132 shown in Scheme 27, which is 
'•i  ‘ 
1 obtained in 42% yield by treatment of dimer 130 with trimethylphosphine followed by 
； lithium triethylborohydride. Irradiation in cyclohexane results in the extrusion of 
霸 、 104 
』 
I 
f dihydrogen, leading to the hydridocyclohexane complex 131，presumably via the 
^ coordinatively unsaturated complex. 
I 
-.^  
冬 u Me 
‘ ^<^ 
: [(Me5C5)lrCy2 1幾 3 | / ^ M e hWCeH,2 / H 
. Ll 5 5二 2)2 M e ^ l \ — ~ • (Me5C5)(Me3P)lr 
130 3 ^3 \ . H \ ^ 
. / ^ H U 
Me3P V 
131 饿 
S c h e m e 27 
m 
Bercaw has reported^ la the C-H activation by aqueous platinum(II) complexes , 
1 3 3 to give an (alkyl)PtH complex 134. Reaction of 1 3 4 with PtCla to produce ； 
(alkyl)PtIV 1 3 5 and which reacts with C1' to regenerate PtH complex 133 (Scheme 
: 2 8 ) . ] 
,、、、 ,、、、 
— R " - + R - H _ — p t " _ R + H C I ； 
/ l 3 3 \ / R - O H / 1 3 4 ； 
^ ^ / ^ t ' V 
^ ' \ " ° A ； 
ci- \ / Vp^,, ^ 
, z ！ 





i The first observed alkane activation reaction of "a-band metathesis" is Watson's 
I 
t methane exchange reaction using an organolutetium complex (eq. 43).Ub A plausible 
J 
^ mechanisms is through a polarized electron-deficient four-center transition state. Alkane 
I activation in these systems probably depends on the electrophility of the metal center. 
3^  身 
J Therefore, the C-H bond of the substrate alkane initially acts as an electron donor, a 











i ; M(Ti5-C5Me5)2CH3 + 13CH4 = ^ M(Ti5-(^Me5)2i3CH3 + CH4 (43) 
: 136 137 
� r \ / ，— 
； 幕,、\ 
字 I 产、 H 
] ~<^�H3'" 
L / ~ \ J 
transition state 
RhII porphyrin radicals have been shown to activate bonds of alkyl benzenes 
and even methane via metal radicals(see section ni-l-2). ！ ». 




1 . i： •�. f 
Rhodium porphyrins have been of great interest for the unique structures and 厂 
j. 
chemical reactivities of metal-metal dimers and monomers. Most noticeable chemistry | 
： 1 
are examplified by the intermolecular C-H activation by rhodium porphyrin dimers, 
.' i \ 
I 
monomersandcationiccomplexes.l2 
t I ,..I 1 
Rhodium porphyrin dimers have been shown by Wayland to activate ， 
alkylaromatics and methane via radical processes. Based on the kinetic studies of the ， 
activation of CH4 by (tetramesitylporphyrinato)rhodium(n) [Rh"(TMP)-] in benzene to '_ 
V form RhII(TMP)H and Rh(TMP)Me,l^ a linear four-centered transition state is 
:.丨 proposed (Scheme 29). 
I u H 
1 ..' 
j^ Rh. Q H Rh. 
f ‘， H ^ \ 
P ‘ transition state #i W&. 2 RhfTMP). + CH4 + RhCTMP)•“- Rh(TMP)-H + Rh(TMP)-CH3 (44) r .^ Scheme 29 T^  w船^ |.. Wayland has also observedl4 the activation of benzylic type C-H bonds of 总 alkylarom tics by octaethylporphyrin torhodium dimer Rh2(OEP)2. Rh2(OEP 2 reacts Z with CH3(C6H5), (CH3)2C6H4 or (CH3)3C6H3 to produce rhodium hy ridet  盧 106 
• 
(Rh(OEP)H) and benzylic rhodium derivatives RhOEP(H) subsequently eliminates H2 
to give the overall process shown in Scheme 30. 
^ = ^ ^ 
^ ¾ ¾ > 
Octaethylporphyrinrhodium dimer Rh2(OEP)2, M = Rh 
.M* 
R h 2 ( O E P ) 2 + CH3C6H5 RhOEP(H) + R h O E P ( C H 2 C 6 H 5 ) (45) : 
R h 2 ( O E P ) 2 + 2CH3C6H5 ^ 2RhOEP(CH2C6H5) + H2 ( 4 6 ) 
1 







In contract to the radical type reaction of Rh(II) porphyrin, cationic rhodium(III) 
porphyrin complexes underwent highly regioselective activation of arene carbon-
hydrogen bonds via electrophilic aromatic substitution.^^ (Octaethylporphyrinato) 
rhodium(III) chloride, (OEP)RhlHCl, reacts with arenes (anisole, toluene, and , 
chlorobenzene) in the presence of AgClO4 or AgBF4 to give the p-substituted aryl ,” 
.’《 
complex via the possible formation of cationic Rh porphyrin (eq 47-50). The ‘— 
regioselectivity of the arene substitution pattem {para for electron rich) further supports 
the electrophilic mechanism. 
X 
^ ^ - A AgCI04 ^ - < $ 4 r - H T ^ .33 <., 
^ 5 ^ + e < ^ ^ : ^ 1 ^ = i E i E i 
I :� 





I III-2 Results and discussions 
) • [ 
j i f 
I 
I III-2-l Synthesis of rhodium porphyrin complexes 
I Our initial attempt to prepare rhodium porphyrin chlorides by refluxing the 
[ 
mixture of RhCl3 and porphyrins in D M F had met problems of incomplete reaction and 
I 
I diff icult separation of products. When PhCN was used as the solvent, rhodium 
i i 
I' 
porphyrin chlorides were isolated in good yields. Most interestingly, prolonged heating 
of the reaction mixture produced intermolecular C - H activation products, meta-
cyanophenyl rhodium porphyrin complexes, as well as other novel compounds. 丨 ^ ^ C N 
； ^ _ ^ y I 
C T ^ + RhCI33H2O PhCN 一 C ^ R ^ + RhPorCI (51) [ 
reflux ^ ^ ~ ~ _ — z i： 
P � r RhPor 
[ 
: • I 
The reaction (eq 51) products, yields and their structures were shown in Table 13 
and Fig. 41 ’ respectively. 1 
• i 
Table 13 The yields and reaction times of rhodium porphyrin complexes 
%yield : 
Reaction Total yields of : 
Porphyrin times (h) PorPh-Cl PorRhary Coproduct Rh Complexes -
H 2 T T P 72 143 (60) 142 (28) 88 
H2TPP(Ph)4 48 145 (42) 144 (33) 146 (8) 155 (93)* 75 
H2TMP(Ph)4 48 148 (42) 147 (20) 62 
H2OEP 72 150 (58) 1 4 9 ( 3 1 ) 89 
H2TPP(Ph)8 36 152 (46) 151 (20) 66 
H2TMP(Ph)8 16 154 (23) 153 (38) 61 
* Yields of products based on RhCl3 
、 108 ？! •； 
,.f 
^ ..:』” ^~«j>v^?^ 
广 
Rph Ph 
RToi ^ ^ y < ^ A ^ P h 
會 替 
y ^ 丁。1 R = ^ ^ - C N RhTPP(Ph)4.mPhCN, 144 
R = < Q _ C N RhTTP-mPhCN, 142 • • RhTPP(Ph)4CI, 145 
Cl RhTTPCI’ 43 ^ - c = N H Rh(CNHPh)TPP(Ph)4, 146 
R Ar Ph 广 R \ 
,^ ¾-- 喻貪 1 
A r $ V N > r 0 < . ^ _ ^ 
P h ^ ^ Y ^ ^^^^^X^^Xp"^ 
\ Ph Ar V k ^ I 
R = ^ 3 " C N RhTMP(Ph)4mPhCN, 147 R = < ^ ^ C N RhOEPmPhCN, 149 丨 
Cl RhTMP(Ph)4CI, 148 CI RhOEPCI, 150 j 
Ar = mesityl ( 
Ph 0 ‘ 
Ph p 1 ^Ar Ph 
纖 翁 ， 
I / T \ Ph Ar Ph , 
\ Ph Ph ph „ ) r \ 
y^ R 二 � > - C N RhTMP(Ph)8-mPhCN, 153 ^ 
R =〈/ \ V c N RhTPP(Ph)87T)PhCN, 151 ^ = ^ 
\ = / Cl RhTMP(Ph)8CI, 154 
Cl RhTPP(Ph)eCI, 152 Ar = mesityl 
Ph 
N ^ ^ N 
p A A 
155 
Fig. 41 Structures of rhodium porphyrins and 2，4，6-triphenyl-l, 3，5- triazine 
Al l the metalation reactions required at least 16 hours of reflux in benzonitrile in 
air. As the rhodium porphyrin complexes were less polar than rhodium porphyrin 
� 109 
‘ •-• . - ,^i*s:M 
chlorides, they were easily separated by chromatography. 
In order to gain some mechanistic insight into this C - H activation, 
RhTPP(Ph)4Cl and R h T T P C l were heated up to reflux temperature in PhCN (eq 52 
and 53). The C - H activation products 142 and 143 were formed. Therefore, rhodium 
porphyrin chlorides likely ionize into rhodium porphyrin cations which are good 
electrophiles and possibly stabilized by the highly polar and donating PhCN solvent 
(Scheme 31). Subsequent electrophilic aromatic substitution with PhCN, a meta-
directing arene,16 yielded the aryl rhodium complexes. 
m 
P h C N 
RhTTPCl RhTTP mPhCN (52) 
reflux 
9 6 h 3 2 % 1 4 2 
‘^ :. 
• ‘ RhTPP(Ph)4CI 二二 _ RhTPP(Ph)47T7PhCN (53) 
72 h 38% 1 4 4 ！： 
Possible C - H activation of other arenes was invesitgated. RhTPP(Ph)4Cl was 
refluxed with either toluene, pyridine or anisole, but no reactions occurred. I 
R h T P P ( P h ) 4 C l were recovered in 96% yield. Furthermore, when a mixture of 
I 
H2TPP(Ph)4 and RhCl3 was heated in PhCN, no reaction occured below the boiling 
i 
point of PhCN with the recovery of H2TPP(Ph)4 in 92% yield. High temperature was ) 
therefore necessary. A s the proposed reaction intermediate carries a positive charge, a ‘ 
w4 
polar solvent favors its formation. PhCN serves both as a good solvent and reagent 
since it is a high boiling, and highly polar solvent and can solubilize intermediates well. 
P h C N + 
RhPor-CI RhPor + C � 
reflux 
+ � C N ^ C N ] c N 
R ^ P o r + 「 T electrophilic attack < ^ j i ‘ H . 
k ^ S ^ 一 ^ | p ^ ^ Y ^ ^ 
RhPor D - o L � RhPor 
N 
C Ph S c h e m e 31 m I  110 ，,l: - .^jm^.^ 
I 
Besides the C - H activation product 144 and rhodium porphyrin chloride 145， 
i 
rhodium imine porphyrin 146 was also formed in the reaction of H2TPP(Ph)4 with 
i 
RhCl3 with a low yield of 8% together with 155 in 96% yield based on RhCl3. 
i 
f ^ \ 
一 一 = C = N 
Rh(l)TPP(Ph)4 P h - C = N I ^ \ Ph 
reduction^ R h ( l l l ) T P P ( P h ) 4 \ \ c = N H 
/ z 
Rh(lll)TPP(ph)4CL / Rh(lll)TPP(ph)4 
X ^ \ z 
reduction ^^ ^ C = N . 
Rh(ll)TPP(Ph)4 Ph""C=N_ I 
Rh(lll)TPP(Ph)4 
S c h e m e 32 
�•“ i 
A plausible mechanism for the formation of the imine complex might involve the } 
I, 
Pi 
reduction of Rh^^^PorCl followed by nucIeophilic addition to benzonitrile (Scheme 32). 
The actual identification of either a Rh! or a RhII species remains unclear. Mechanistic 
f 
studies including the reductive nucIeophilic addition of RhTPP(Ph)4Cl with Na>^Hg 
followed by trapping with PhCN will be necessary. 
I 
1 
The formation of PhCN trimer 2, 4, 6-triphenyl-l, 3，5-triazine (Fig. 38, 155) 
•f 
might be due to the catalytic trimerization by a rhodium species or a proton (Scheme 33 ^ 
I and 34)27 
• 
P h 
P h 1 
P h C N + H C I ——->=NH - ^ ^ N ^ C I 
C|Z p h ^ NH 
adduct 
� P h \ CI 1 Ph 
PhCNr ^ N -HCI 1 j A N 
P h ^ A > . P h ^ N ^ p h 
L- H J 
S c h e m e 33 
^ 111 I . ,..a«^-
Ph 
Ph P ^ ^ N H N ^ N H 
\ ' P M 
C=NH Ph^N 丨 \ - \ 
c f e - ^ ( ¾ - ^ C ^ 3 " ' 
adduct 
Ph 
^ A A + 去 
Ph ^ Ph 
\ 




III-2-2 Proton N M R spectra 
!• 
All the spectra of rhodium porphyrins were well assigned (Fig. 42). In the 
mefa-cyanophenyl rhodium porphyrins, PhCN ring protons appeared as a set of 
resonances from 5 -0.22 to 6.02 ppm (table 14). 
Table 14 Chemical shifts of substituted PhCN in mera-cyanophenyl rhodium 
1 
porphyrin complexes (in ppm) 
d ： 
C f ^ ^ " ^ C N -
b k y x ^ a 
d D 
a b c d 
142 0.37 0.40 4.79 5.48 
144 1.07 1.09 5.05 5.64 
147 1.16 5.09 4.90 5.55 
149 -0.22 -0.22 4.51 5.26 
151 2.15 2.10 5.42 6.02 
153 U 2 ^ ^ 5.99 
— ^ " 112 ~ ~ " 
i ^ ^ -^>di^  
A 3 b a , 
L . , . J l 丨.“1 I | J � _ I ‘ 
153 
3 ^ 142 y I 1 0 . > 1 
^ “ ^ i J~~J u _ i L w J U L 
I ‘ ‘ 丨 ' 1 1 ‘ I ‘ I ‘ ' ' • ' ‘ 11 : = L 工 A /Yf^ 
B.0 5.0 4 . 0 1 . 0 - . d ：：：： ：：：：; 
<t ‘ 内一 
. i . . . . i ； 1 1,',,,,,, 
(a) 
. . 1 I JL^JL_ 
^ ~ " ~ ^ [- -—>—'^J 」山一一 
^ ^^J . 一 I ] p-
_ j _ ：� ！ y ^ _ L — ,. L / 丨�
— . • ： ^ \ I , - — ^ j — - - ~ # - [ 
1 - " t ^ " " " ^ t \ ' 153 卜 :——._」 . 1 
• • - z 。《. - 「 广 ^^ 卜 :•.." •. 
“ >j^ • • ” ->^^““—|—^--~— I' I 
• — ^ “ “ ， 一 ^% ； I: 
——jfi^ • . . 1 , , .:. j； 
L L H" I —f：.. 
90« • • 4 J (b) ‘” • , � 
Fig. 42 The l R N M R (a) and 2D i H - l R N M R spectra (b) of 142 and 1 5 3 
A l l the peaks of PhCN were upfield-shifted due to the rhodium insertion and 
were well assigned in ^H N M R and 2D ^H-^H C O S Y spectra. Hc appeared as a triplet, 
Hb and Hd formed doublets and Ha showed a singlet for compound 142，144，147, ’ 
149，151 , 1 5 3 . In the C O S Y spectrum, for compound 142，144，147，149 and ’ 
一 
151，proton Hb correlated with proton Hc； proton Hc correlated with proton Hb and 
Hd- Hi53d overlaped with aromatic protons and could be found in 2D ^H-^H C O S Y 
spectrum. 
The lH N M R of 144 showed that an ethanol molecule weakly coordinated to the 
rhodium atom. T w o signals at 3.37 and 1.06 ppm were assigned to the protons of CH3 
and CH2, respectively. The CH2 signal was downfield-shifted due to the porphyrin 
ring current. The proton signals of coordinated ethanol disappeared when a CDCl3 I solution was left at R T to dryness in a month. The eth nol molecule thereforec ordinat d to r odium weakly. ， i • � 113 i - ^iaef^\ '_ 
«i 
h e^  
K 
.CH3 _中： 1 
>i^Ln JLtf^fM wH<ifitt*'>l>^ ^ n,»m_«^ »>Mrif_,ww«i>i<j»J J^ "‘^  ~^ 
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Fig. 43 The l R N M R spectra of 144. (a) ethanol coordinated to 144, (b) the same 
sample after one month at room temperature • 
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__ ( Rh ) 争 . . -—• ..：二 ^^  乂 \ » • • ' ' I 1 i 1 , I j 1 ^ Fig. 44 lR NMR (partial) and iH- lR C O S Y spectra of 146 The lH NMR spectrum of imine rhodium porphyrin 146 was well assigned (Fig. 44). Ha appeared at 2.94 ppm as a doublet, Hb p eared at 6.62 ppm as a doubletand Hc f ll at 6.21 ppm as a tr plet. In 2D lH-!  C O S Y , the proton Hb correlatwith the proton Hc and Ha； the proton Hc correl ted with he proton Hb； Ha only correlat d wi h the proton Hb.、 114 ir 3 ..eC^M^'p^ V 
III-2-3 U V and binding studies of rhodium porphyrin 
complexes 
In the UV spectra, the ^max of rhodium porphyrin complexes were blue shifted 
compared with those of free base ligands. The data were listed in table 15. The 
electronic properties of rhodium porphyrins can be interpreted in terms of a Gouterman 
four-orbital model.l7 Increasing back-bonding in the rhodium porphyrin complexes 
promotes mixing of n ^ e7C* and Rh"I ~> e7C* excited states, with the result that the 
Soret (mainly n — e7C*) transitions fall at higher energies than that would be predicted 
by a simple one-electron (HOMO-LUMO) model.l8 
Table 15 UV spectra of rhodium porphyrin complexes [ 
I, 
•I 
Rhodium porphyrins Soret band Q bands 
RhTTPmPhCN(142) 4 1 4 522 
f 
H2TTP(55) 417 516, 551, 591, 646 
RhTPP(Ph)4.mPhCN(144) 426 531 
H2TPP(Ph)4 (69a) 433 528, 602，675 
RhTMP(Ph)4.mPhCN(147) 427 531 
» 
H2TMP(Ph)4(77a) 431 525, 558, 598, 659 ^ 
RhOEP.mPhCN(149) 393 508, 542 
H2OEP(34) 3 9 8 4 9 7 , 5 3 3 , 5 6 5 , 6 1 9 
RhTPP(Ph)8.mPhCN(151) 447 553, 587 
H2TPP(Ph)8(7Oa) 464 564, 616，722 
[RhTMP(Ph)8.mPhCN](153) 445 548 





丨 The coordination properties of RhPor-aryl 142，144, 153 with pyridine were 
y investigated by UV spectral titration. The titration curves of 142，144 and 153 with ‘ . 




m ^ ^.m^ 
nm and 448 nm，52 nm, 590 nm respectively; therefore the complexation reactions 
were clean. The Soret band changes by adding pyridine were shown in table 16. 
' U " ^ " " ^ 
K v _ ^ ^ ^ I ！ 
9.999 { • ‘ I ： 
468.08 158.0« saa.aa ssa.M 
38a.Ofl 6W-B8 • 
Fig. 45 Spectral changes observed upon addition of pyridine to rhodium porphyrin 
1 2 3 . 
f 
!•； 
Table 16 U V spectra of rhodium porphyrins j； 
^ max (nm) 
I 
Compound No. RhPor RhPor + Py 
142 414 421 
144 426 435 
1 5 3 4 4 5 £ 5 5 
* 
Rh.mPhCN + npy : = ^ Rh mPhCN (py)n (54) ^ 
一 [Rh7T7PhCN (py)n] 
“[Rh777PhCN][py]n 
The equilibrium constants (K) were evaluated from the spectral changes on 
addition of pyridine to rhodium porphyrin complexes in dichloromethane (Fig. 45). 
The K can be obtained from the equation of Miller and Dorough: 19 
log(A-Ao) / (Ac- A) = logK + nlog[py] 
Here A is the observed absorbance at a given wavelength. A© is the absorbance 
of porphyrin in the absence of base, Ac is the absorbance in the presence of a large 
excess of base. logK can be evaluated from the intercept of plots of log(A-Ao)/(Ac-A) 
against log[py] (Fig. 46). 
1 
I� 、 116 
J L . ^<*isr!： 
R2 = 0.999 
1.4H 
1 . 3 - J ^ 
？ ;:jE / ^ 
< 0 . 9 - J2^ 
舌 0 . 8 - y ^ 
< 0 . 7 - ^ ^ 
I S:I： y ^ 
SI: z 
0 . 2 - ^ / ^ 
0 . 1 - 0 _ 
n 1 1 1 1 r 
-5.8 -5.6 -5.4 -5.2 -5 -4.8 
0 
iog[py] 
F ig . 46 
“ / 
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The values of logK and standard deviations are shown in table 17. P_ \ 
Phenylsubstituted rhodium porphyrins 142 and 144 have larger equilibrium constants 
than p-substituted porphyrin 1 4 2 . The X-ray structure shows that 1 5 3 is an | 
intermolecular coordination polymer via nitriIe bridging Its binding constant with 
pyridine in CH2Cl2 is the largest among the three complexes. Therefore, the nitrile 
bridging seems to be weak one. In solution, the presence of an external ligand, 153 
probably does not exist as a polymer. 
冷 
Table 17 Equilibrium constants for addition of pyridine to the rhodium porphyrins 
(250Q 
Rh-porphyrin complexes logK n 
i 142 6.65士0.6 1.1±0.2 
I: 
f 144 7 .22±0.3 1.4土0.1 
153 7 .72±0.1 L^± 0.1 
『 — 
r III-2-4 IR spectra 
I • 
i , 
Bonding properties of CN in substituted PhCN in rhodium porphyrin complexes 
are obtained from analyses of the IR spectra. Weak sharp band of CN vibrations of 
� 117 
m^^ • .!-•*i^  “ 
1 
...,i: • � 
.> 
143，144，148，149 and 1 5 2 at 2222 cm_l were observed; weak back n bonding 
are likely. The IR spectrum of 1 5 3 showed a coordinated C N group with multi-
peaks of 2259, 2238, 2225 c m ] which suggested a significant a donating p r o p e r t y 2 0 
(vcN, PhCN = 2 2 2 9 c m - l ) 2 l 
The rhodium imine porphyrin 146 showed characteristic N H stretching 
frequency [3390(m) c m ] ] and C=NH frequency [1727 (s) cm_l]. 
II-2-5 Crystal structures of rhodium porphyrin complexes 
The structures were solved by direct methods, and all non-hydrogen atoms were 
located on an E-map, which were subjected to anisotropic refinement. The hydrogen 
1' 
atoms of N atoms were generated from a difference Fourier synthesis，and the other 
hydrogen atoms were generated geometrically (C-H = 0.96 A ) . Al l hydrogen atoms 
were allowed to ride on their respective parent atoms; they were assigned appropriate 
isotropic temperature factors and included in the structure-factor calculations. Al l 
computations were performed using S H E L X T L PC program package on a PC 486 
c o m p u t e r s . 2 2 Analytic expressions of atomic scattering factors were employed, and 
anomalous dispersion correction were in corporate. ^ 
Structure of RhTTP mPhCN 
Red plate crystals of RhTTP m PhCN were prepared by slow diffusions of 
ethanol into a CHCl3 solution. It recrystallizes in triclinic space group P 1 with 0.5 
m o l e c u l e s of C H C l 3 and one molecular P h C N solvate ( C 5 5 H 4 0 N 5 ) 
( C 6 H 5 C N ) l / 2 ( C H C l 3 ) R h , FW 1036.6，a = 11.428(2) A , b = 15.475(3) A , c = 
： 15.940(3) A , V = 2693.3(14) k\ Z = 2，jn = 0.436 mm]，Dc = 1.278 g cm"3, Rp = 
I 0.079, wR = 0.091 B 
:� 、 1 1 8 j 
C^R1 
CR?^ 厂 
C^P^C.0 C.]6#-C35 C47 ,5 
^ • % ® ^ ： : | 
:^m:<M^<y 
# ^ ^ I 
C60 
(a) (b) 
Fig. 47 Molecular structure and atomic names of RhTTP mPhCN (a). “ Edge-on" 
c view plot of the skeleton of RhTTP mPhCN (b). Hydrogen atoms are omitted for 
clarity. Thermal ellipsoids are drawn at 50% probability level. 
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Fig. 48 Bond distances in RhTTP mPhCN, in units of A 
I 
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Fig. 49 Displacement of the atoms of the RhTTP mPhCN porphyrin core from the • 
mean plane of the macrocycle, in units of O.OlA • 
The molecular structures and atomic names for RhTTP mPhCN are presented in • 
Fig. 46. The bond distances are given in Fig. 48. The skeletal formations are equally • 
striking when viewed as the perpendicular displacements of the atoms from the mean • 
plane of the 24-atom core. The Rh atom is displaced 0.062 A from the mean plane of • 
porphyrin ring 24 atoms and displaced 0.048 A from the plane for the four nitrogen • 
atoms. The average Rh-N distance is 2.035 A (Fig. 48). The Rh-ligand distance of • 
Rh-N is 2.295 A which is typical of six-coordinate Rh porphyrin. The PhCN ligand of • 
R h T T P mPhCN is oriented at 106.2° and is constrained by symmetry to lie • 
perpendicular to the plane of the nitrogen atoms. • 
The individual NC4 pyrrole rings are slightly non-planar in this rhodium • 
porphyrin. The dihedral angles between pyrrole rings and mean plane are 4.3。, 6.3。， • 
3.90 and 4.90 respectively. As expected, these titlings follow the trend of increased • 
distortion in the rhodium porphyrin. The largest deviation relative to the mean plane of • 
four pyrrole rings is at C19 (0.22 A). Ni lies approximately in the mean plane (0.01 A). • 
C i 9 is displaced 0.22 A out of this plane, reflecting the slightly increased distortion • 
caused by the rhodium insertion (Fig. 8). The dihedral angles between the phenyl ring • 
planes and the mean porphyrin plane are 60.9°, 69.9°, 61.6° and 77.5�respect ively . • 
‘ 1 2 。 j 
The dihedral angle between the PhCN plane and the pophyrin mean plane is 93.4". The I 
selected bond lengths and bond angles were given in table 18. • 
Table 18 (a) Bond length (A) and (b) bond angles(。）of RhTTP mPhCN • 
(a) Bond length (入） I 
Rh(l )-N(1 ) 2 . 062 (5) Rh(l )-N(2 ) 2 . 029 (“） • 
Rh( I )-M(3) 2 .018 (“） Rh(l )-N(4) 2 . 029 (4) • 
Rh ( l )-C(50 ) 2 .0L3 ⑷ Rh(l )-N(6) 2 . 295 ( i ) • 
N (L )-C(2 ) 1 .342 (6) N (1 )-G(5 ) L .369 (6) • 
N (2 )-C(7 ) 1 .372 (6) M(2)-C(10) 1 .356 (6) • 
N (3 )-C(12 ) 1 .379 (6) N (3 )-C(15) L . 37 l (6) • 
N (4 )-C(17 ) L .379 (6) N (4 )-C(20 ) 1 . 399 (6) • 
C ( l )-C (2 ) 1 .385 (6) C ( l )-C(20 ) 1 .385 (7) • 
C ( l )-C (26 ) 1 .516 (6) C (2 )-C(3 ) L .468 (7) • 
C (3 )-C(4 ) 1 .319 (6) C (4 )-C(5 ) L.463 (7) • 
C (5 )-C(6 ) L.363 (6) C (6 )-C(7) 1 .447 (7) • 
C (6 )-C(32 ) 1 .487 (6) C (7 )-C(8) L .468 (6) • 
C (8 )-C(9 ) 1 .338 (7) C (9 )-C(10) 1 . 450 (6) • 
C ( 1 0 ) - C ( l I ) L . “26 (7) C ( l l )-C (12 ) L . “ U (6) • 
C ( lL )-C(38 ) 1 .^87 (6) C (12 )-C(13) L .393 (7) • 
C (13 )-C(14 ) L.346 (6) C (14)-C(15) 1 . 451 (7) • 
C (15 )-C(16 ) L .4l6 (6) C (16 )-C(17) 1 .365 (6) • 
C (L6 )-C(^4 ) 1 . 321 (6) C (17)-C(18) l . “ 3 2 (6) • 
C (18 )-C(19 ) L.353 (7) C (19)-C(20) L.453 (6) • 
C (21 )-C(22 ) 1 .396 (7) C (21 )-C(26) 1 .383 (7) • 
C (22 )-G(23 ) L .3 I8 (6) C ( 2 3 ) - C ( 2 M 1 . 394 (7) • 
C (23 )-C(59 ) L.549 (7) C(24)-C(25) 1 . 360 (6) • 
C (25 )-C(26 ) 1 .392 (6) C (27)-C(28) L.395 (7) • 
C (27 )-C(32 ) 1 .^05 (5) C (28)-C(29) L .386 (6) • 
C<29)-C(30) L.355 (5) C (29)-C(60) 1 .508 (7) • 
C ( 30 )-C(3 I ) L .439 (6) C (3l )-C(32 ) 1 .397 (6) • 
C (33 )-C(34 ) 1 .407 (7) C (33)-C(38) L .388 (5) • 
C (34 )-C(35 ) L.383 (7) C (35)-C(36) " L .348 (5) • 
C ( 35 )-C(6l ) 1 .498 (6) C(36)-C(37) 1 . 414 (6) • 
C (37 )-C(38) L .394 (6) C(39)-C(4Q) 1 .385 (6) • 
C (39)-C(4A) L.375 (7) C (40 )-C(4l ) L .^05 (7) • 
C (41 )-C(42) 1 .378 (7) C(4L)-C(62) L .54L (7) • 
C (42 )-C(43 ) L . 3 9 I (6) C(43)-C(44) 1 . 364 (7) • 
C (45 )-C(46 ) L.4L6 (6) C(45)-C(50) 1 .363 (5 ) • 
C (46 )-C(47) 1 . 411 (7) C (46 )-C(5l ) 1 .456 (6) • 
C (47 )-C(48) 1 .335 (6) C(48)-C(49) 1 .438 (6) • 
C (49 )-C(50) 1 .384 (7) C(51)-N(5) 1 . 109 (6) • 
C (52 )-C(53) 1 . 412 (7) C(52)-C(57) 1 .413 (5) • 
C (53 )-C(54) 1 .333 (5) C (54)-C(55) 1 . 375 (6) * • 
C (55 )-C(56) 1 .328 (7) C(56)-G(57) 1 . 361 (5) • 
C (57 )-C(58) 1 .44L (7) C(58)-N(6) L.L78 (7) • 
C (63 )-C1(1 ) 1 . 751 (6) C (63 )-Cl (2 ) 1 . 802 (7) • 
C (63 )-Cl (3 ) 1 .769 (6) C ( 6 3 ) - C l ( l ' ) 1 . 801 (7) • 
C ( 6 3 ) - C l ( 2 ' ) 1 .979 (7) G ( 6 3 ) - C l ( 3 ' ) 1 .157 (7) • 
C l ( l ) - C l ( 2 ' ) 0 .833 (7) C l ( l ) - C l ( 3 ' ) 2 . 253 (7) • 
C 1 ( 2 ) - C 1 ( 1 ' ) 1 .549 (7) C L ( 2 ) - C l ( 3 ' ) 1 . 980 (7) • 
C l ( 3 ) - C L ( 3 ' ) 2 .469 (6) • 
(b) bond angles(o) • 
C(45)-C(46)-C(47) L18 . 7 ( 4 ) C(45)-C(46)-C(51) 1 1 9 . 5 ( M • 
C (“7 )-C(“6 )-C(51) m . 8 ( M C(46)-C(47)-C(48) 1 2 0 . L ( 4 ) • 
C(47)-C(48)-C(49) 1 2 0 . 7 ( 5 ) C(48)-C(49)-C(50) 1 1 9 . 9 ( M • 
Rh(l)-C(50)-C(45) 1 2 0 . 7 ( 4 ) Rh(l )-C(50)-C(49) 1 2 0 . 4 ( 3 ) • 
C(45)-C(50)-C(49) 1 1 8 . 9 ( 4 ) C(46)-C(51)-M(5) 1 7 7 . 9 ( 5 ) • 
C(53)-C(52)-C(57) U 5 . 8 ( M C(52)-C(53)-C(54) 1 2 0 . 4 ( 4 ) • 
C(53)-C(54)-C(55) 1 2 1 . 7 ( 5 ) C(54)-C(55)-C(56) 1 2 0 . 2 ( 4 ) • 
C ( 5 5 ) - C ( 5 6 ) - C ( 5 7 ) L 20 . 3 ( 4 ) G(52)-C(57)-C(56) 1 2 1 . 6 ( 4 ) • 
C(52)-C(57)-C(58) 1 1 7 . 2 ( 4 ) C(56)-C(57)-C(58) 1 2 1 . 2 ( 4 ) • 
C(57)-C(58)-N(6) 1 7 6 . 7 ( 4 ) Rh(l )-N(6)-C(58) 147.7(-J) • 
I _ 
I ⑵ J 
M<2> -Rh(l) N ( 3 ) 9 0 . 0 ( ：) ：；( L)-Rh(L)-.M(^) ) 0 . 0 ( 2 ) 
N (2 ) - Rh ( 1) - vN (4 ) . ； 7 ： , L ( 2) M(3) -Rh(L) -N(4) 39 . 3 ( 2 ) 
N(L)-Elh(L)-C(50) ) , 2 .5 (2 ) ' N(：) -Rh(L)-C(50) 9 1 ^ 3 ( 2 ) 
N ( 3 ) - R h ( I ) - C ( 5 0 ) 9 0 . 1 ( 2 ) N(<^) -Rh(L)-C(50) 91 L ( 2 ) 
N ( l ) - R h ( l ) - N ( 6 ) 9 2 . 3 ( 2 ) N ( 2 )-Rh ( l )-N (6 ) 32 2 ( 1 ) 
N ( 3 )-Rh(L )-N(6 ) 3 4 . 7 ( 2 ) M(4 )-Rh(L)-N(6 ) 9 4 . 9 ( 2 ) 
C ( 50 )-Rh (L )-N(6 ) 1 7 2 . 0 ( 2 ) Rh (L )-N(L )-C(2 ) 126 0 ( 3 ) 
Rh ( I )-NCl )-C(5 ) 1 2 4 . 2 ( 3 ) C ( 2 )-M( l )-C (5 ) L09 3 ( 4 ) 
R h ( I ) - N ( 2 ) - C ( 7 ) 1 2 7 . 0 ( 3 ) Rh ( I )-M(2 )-C(10 ) L27 6 ( 3 ) 
C ( 7 ) - N ( 2 ) - C ( L 0 ) L 0 5 . 1 ( M Rh ( I )-N(3 )-C(L2 ) L 2 7 . 9 ( 3 ) 
Rh (L )-N(3 )-C(15 ) L 2 5 . 9 f 3 ) C ( l 2 )-M(3 )-C (15 ) L05 3 ( 4 ) 
R h ( l ) - N ( 4 ) - C ( 1 7 ) L 2 7 . 3 ( 3 ) Rh ( l )-N (4 )-C (20 ) L 2 5 . 2 ( 3 ) 
C ( I 7 ) - N ( 4 ) - C ( 2 0 ) L 0 7 . 3 ( 4 ) C ( 2 )-C (1 )-C (20 ) 124 5 ( 4 ) 
C ( 2 ) - C ( l ) - C ( 2 6 ) L 1 8 . 4 ( 4 ) C ( 2 0 ) - C ( l ) - C ( 2 6 ) L 1 7 . 0 ( 4 ) 
M ( l ) - C ( 2 ) - C ( l ) 1 2 7 . 0 ( 4 ) N ( l ) - C ( 2 ) - C ( 3 ) L 0 8 . 2 ( M 
C ( L ) - C ( 2 ) - C ( 3 ) L 2 4 . 3 ( 4 ) C ( 2 )-C (3 )-C (4 ) L 0 7 . 2 ( 4 ) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 1 0 8 . 1 ( 4 ) N (L )-C(5 )-C(4 ) 1 0 7 . 0 ( 4 ) 
N ( l ) - C ( 5 ) - C ( 6 ) 1 2 8 . 8 ( 5 ) C ( 4 )-C (5 )-C (6 ) L 2 3 . 9 ( 4 ) 
C ( 5 ) - C ( 6 ) - G ( 7 ) 1 2 3 . 7 ( 4 ) C ( 5 )-C (6 )-C (32 ) L 1 9 . 6 ( 4 ) 
C ( 7 ) - C ( 6 ) - C ( 3 2 ) I 1 6 . 7 ( 4 ) N ( 2 )-C (7 )-C(6 ) 1 2 5 . 0 ( 4 ) 
N ( 2 )-C (7 )-C (3 ) 1 1 0 . 9 ( 4 ) C ( 6 )-C (7 )-C (8 ) 1 2 “ . 1 ( “ ） 
C ( 7 ) - C ( 8 ) - C ( 9 ) L 0 5 . 5 ( 4 ) C ( 8 )-C(9 )-C(L0 ) L 0 7 . 5 ( 4 ) 
N ( 2 )-C (10 )-C (9 ) 1 1 1 . 1 ( 4 ) N ( 2 )-C (10 )-C (11 ) L 2 4 . 7 ( 4 ) 
C ( 9 ) - C ( 1 0 ) - C ( 1 1 ) 1 2 4 . 2 ( 4 ) C ( 1 0 ) - C ( l l ) - C ( L 2 ) 1 2 5 . 4 ( 4 ) 
C ( 1 0 ) - C ( l L ) - C ( 3 8 ) L i a . 9 ( 4 ) G (L2 )-C (L l )-C (38 ) L L 5 . 7 ( 4 ) 
M ( 3 ) - C ( 1 2 ) - C ( l l ) 1 2 3 . 9 ( 4 ) N ( 3 )-C(12 )-C(13 ) l U . 2 ( “ ） 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 1 2 “ . 9 ( “ ） C ( 12 )-C(13 )-C(14 ) I 0 7 . L ( a ) 
C ( 13 )-G(14 )-C(15J 1 0 7 . 5 ( 4 ) N ( 3 ) - C ( 1 5 ) - C ( U ) 1 0 8 . 4 ( 4 ) 
N ( 3 )-C (15 )-C (16 ) L 2 6 . 7 ( 4 ) C ( 14 )-C(15 )-C(16 ) 1 2 4 . 7 ( 4 ) 
C ( 1 5 ) - C ( 1 6 ) - C ( I 7 ) L 2 3 . 9 ( 4 ) G ( 15 )-C (16 )-C (44 ) H 3 . 3 ( 4 ) 
C ( 1 7 ) - C ( 1 6 ) - C ( “ “ ） 1 L 7 . 8 ( 4 ) N ( 4 )-C(17 )-C(16 ) 1 2 5 . 6 ( 4 ) 
N ( “）-C(17 )-CU8 ) 1 0 9 . 6 ( 4 ) C ( 16 )-C(17 )-C(13 ) 1 2 4 . 7 ( 4 ) 
C ( 17 )-C (18 )-C (19 ) I 0 7 . 4 ( i ) C (L8 )-C(19 )-C(20 ) 1 0 8 . 2 ( 4 ) 
N ( ^ ) - C ( 2 0 ) - C ( l ) L 2 6 . 7 ( 4 ) N (4 )-C(20 )-C(19 ) L 0 7 . 4 ( 4 ) 
C ( l ) - C ( 2 0 ) - C ( 1 9 ) 1 2 5 . 9 ( 4 ) C ( 22 )-C(21 )-C(26 ) L 2 0 . 5 ( 4 ) 
C ( 21 )-C (22 )-C (23 ) 1 2 1 . 5 ( 5 ) C ( 2 2 ) - C ( 2 3 ) - C ( 2 4 ) . U 3 . 9 ( M 
C ( 22 )-C (23 )-C (59 ) 122.8(“） C ( 24 )-C(23 )-C(59 ) 1 1 8 . 3 ( 4 ) 
C ( 23 )-C (24 )-C (25 ) 1 2 1 . 0 ( “ ） C ( 24 )-C(25 )-C(26 ) L 2 0 . 6 ( 4 ) 
C ( l )-C (26 )-C (2L ) L 2 0 . 9 ( 4 ) C ( l )-C (26 )-C (25 ) I 2 l . 5 ( 4 ) 
C ( 21 )-C(26 )-C(25 ) 1 L 7 . 4 ( 4 ) C ( 28 )-C(27 )-C(32 ) L 2 1 . 7 ( 4 ) 1C(27 )-C(28 )-C(29 ) 1 2 0 . 7 ( 3 ) G ( 28 )-C(29 )-C(30 ) 1 1 8 . 2 ( 4 ) 
C ( 28 )-C(29 )-C(60 ) 1 2 0 . 3 ( 3 ) .C (30 )-C(29 )-C(60 ) 1 2 1 . 4 ( 4 ) 
C(29 )-C(30 )-C(3L) 1 2 3 . L ( 4 ) C ( 3 0 ) - C ( 3 L ) - C ( 3 2 ) L 1 8 . 2 ( 3 ) 
C(6 )-C(32 )-C(27 ) 1 2 1 . 5 ( 4 ) C (6 )-C(32 )-C(31 ) 1 2 0 . 4 ( 3 ) 
C ( 27 )-C(32 )-C(31 ) 1 1 8 . 1 ( 4 ) C ( 34 )-C(33 )-C(38 ) 1 1 9 . L ( 4 ) 
污 C (33)-C<34)-C(35) 1 2 1 . 8 ( 3 ) C (34 )-C(35 )-C(36 ) 1 1 9 . 3 ( 4 ) 
C ( 3 4 ) - C ( 3 5 ) - C ( 6 L ) 1 1 9 . ^ ( 3 ) C ( 36 )-C(35 )-C(61 ) 1 2 1 . 3 ( 4 ) 
C ( 3 5 ) - C ( 3 6 ) - C ( 3 7 ) L20 .3 (4 ) C(36)-C(37)-C(38) L 2 1 . 0 ( 3 ) 
C( lL )-C(38 )-C(33 ) L 2 1 . 5 ( 4 ) C ( l l ) - C ( 3 3 ) - C ( 3 7 ) L 2 0 . 0 ( 3 ) 
C ( 33 )-C(38 )-C(37 ) 1 1 8 . 5 ( 4 ) C ( 4 0 ) - C ( 3 9 ) - C ( 4 4 ) 1 2 0 . 0 ( 4 ) 
C (39 )-C(40 )-C(4L ) L 2 1 . 9 ( 4 ) C (40 )-C(41 )-C(42 ) 1 1 6 . 6 ( 4 ) 
C (40 )-C(41 )-C(62 ) 1 2 2 . 1 ( 4 ) C ( 42 )-C(41 )-C(62 ) 1 2 L . 3 ( 4 ) 
iC(4L )-C(42 )-C(43 ) 1 2 1 . 3 ( 4 ) C ( 42 )-C(43 )-C(44 ) 1 2 1 . 2 ( 4 ) • 
C ( 16 )-C(44 )-C(39 ) 1 2 1 . 5 ( 4 ) C (16 )-C(44 )-C(43 ) 1 1 9 . 4 ( 4 ) 
C (39 )-C(44 )-C(43 ) 1 1 9 . 1 ( 4 ) C (46 )-C(45 )-C(50 ) 1 2 1 . 7 ( 4 ) 
Structure of RhOEP mPhCN 
Red blocks crystals of RhOEP.m PhCN were prepared by slow diffusion of 
ethanol into a CHCl3 solution. It recrystalIizes in triclinic space group PT 
(C43H48N5Rh) FW 737.8, a = 12.992(3) A, b = 13.134(3) A，c = 13.497(3) A, V = 
j 1842.5(9) A3, Z = 2’ fi = 0.501 mm" 1，Dc = 1.330 g cm"3, Rp- = 0.056’ wR = 0.058 
The molecular structures and atomic names for RhOEP mPhCN are showed in • 
Fig. 50. • 
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Fig. 50 Molecular structure and atomic names of RhOEP m PhCN (a). “ Edge-on" • 
view plot of the skeleton of RhOEP m PhCN (b). Hydrogen atoms are omitted for • 
clarity. Thermal ellipsoids are drawn at 50% probability level. • 
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Fig. 51 Bond distances in RhOEP m PhCN, in units of A • 
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Fig. 52 Displacement of the atoms of the RhOEP m PhCN porphyrin core from the • — — 
I 、 123 _ 
1 _ i 
The skeletal formations are equally striking when viewed as the perpendicular • 
displacements of the atoms from the mean plane of the 24-atom core. The average Rh- • 
N distance is 2.035 A (Fig. 51). No solvent coordinated to Rh atom when the • 
complexes was recrystallized from ethanol-CH2Cl2 solvent system. This complex is a • 
five-coordinate Rh-porphyrin. • 
The individual NC4 pyrrole rings are nearly planar. The dihedral angles • 
between pyrrole rings and the mean plane are 4.2®, 7 .1°, 4.1° and 3.9°. The dihedral • 
angles between PhCN and the mean plane is 88.7®. The largest deviation relative to the • 
mean plane of four pyrrole rings is at C17 (0.18 A). The distance between ethyl • 
^^H 
carbons are 3.235 A (C33 and C35), 4.192 A(C34 and C36). The ethyl groups are • 
arranged with up, up, down, down order. The largest distance between carbon and • 
mean plane is 1.7 A. The selected bond lengths and bond angles were given in table 19. • 
Table 19 (a) Bond length (A) and (b) bond angles(()) of RhOEP mPhCN • 
(a) Bond length (A) I 
Rh( l )-N( l ) 2 . 0 2 8 (8) Rh(l )-N(2) 2 . 0 46 (6) • 
Rh ( l )-N(3 ) 2 . 0 4 0 (8) Pii(L)-N(4) 2 . 0 26 (5) • 
Rh ( l )-C(42 ) 2 . 0 0 5 (12) N ( l )-C( l ) 1 . 3 9 0 (11) • 
N ( l )-C (^ ) 1 . 378 (10) N(2)-C(6) 1 . 3 60 (11) • 
N (2 )-C(9 ) 1 . 4 0 1 (12) N(3)-C(11) 1 . 385 (11) • 
N (3 )-C(14 ) 1 . 357 (11) N(4)-C(16) 1 . 3 84 (11) • 
N (4 )-C(19 ) 1 . 3 62 (11) C ( l )-C(2 ) 1 . 4 4 4 (14) • 
C ( l )-C(20 ) 1 . 3 92 (11) C(2)-C(3) 1 . 358 (10) • • 
j C (2 )-C(21 ) 1 . 5 09 (13) C(3)-C(4) 1 . 437 (14) • 
) C (3 )-C(23 ) 1 . 4 7 4 (13) C(4)-C(5) 1 . 386 (11) • 
C (5 )-C(6 ) 1 . 3 90 (14) C(6)-C(7) l . “ 6 3 (12) • 
C (7 )-C(8 ) 1 . 3 8 4 (17) C(7)-C(25) 1 . 4 9 0 (13 ) • 
C (8 )-C(9 ) 1 . 4 4 1 (11) C(8)-C(27) 1 . 5 27 (14) • 
C (9 )-C(10 ) 1 . 3 8 1 (15) C(10)-C(11) 1 . 378 (12) • 
C ( l l )-C (12 ) 1 . 4 52 (15) C(12)-C(13) 1 . 3 5 1 (12) • 
C (12 )-C(29) 1 . 5 1 4 (14) C(13)-C(14) 1 . 4 62 (14) • 
C (13 )-C(31) 1 . 518 (13) C(14)-C(15) 1 . 385 (11) • 
C (15 )-C(16) 1 . 3 82 (14) C(16)-C(17) 1 . 4 64 (11) • 
C (17 )-C(18) 1 . 3 6 4 (15) C(17)-C(33) 1 . 505 (12) • 
C (18)-C(19) 1 . 448 (11) C(18)-C(35) 1 . 4 9 0 (13) • 
C (19 )-C(20) 1 . 396 (14) C(21)-C(22) 1 . 4 7 4 (24 ) • 
C (23)-C(24) 1 . 519 (22) C(25)-C(26) 1 . 463 (23 ) • 
C (27 )-C(28) 1 . 513 (24) C(29)-C(30) 1 . 4 97 (23) • 
C (31)-C(32) 1 . 4 65 (23) C(33)-C(34) 1 . 5 0 7 (25) • 
C (35 )-C(36) 1 . 5 17 (22) C(37)-C(38) 1 . 3 7 2 (22) • 
C (37)-C(42) 1 . 3 77 (11) C(38)-C(39) 1 . 3 9 0 (19) • 
C (39)-C(40) 1 . 386 (12) C(40)-C(41) 1 . 3 7 2 (20) M 
C(40)-C(43) 1 . 4 59 (21) C(41)-C(42) 1 . 3 76 (14) 國 
I C(43)-N(5) 1 . 1 39 (27) • 
‘ ' 2 4 I 
(b) bond angles(()) • 
N ( l ) - R h ( l ) - N ( 2 ) 8 9 . 8 ( 3 ) N ( l ) - R h ( l ) - N ( 3 ) 1 7 6 . 6 ( 4 ) I 
N ( 2 ) - R h ( l ) - M ( 3 ) 9 0 . 5 ( 3 ) N ( l ) - R h ( l ) - N ( 4 ) 8 9 . 3 ( 3 ) • 
N ( 2 ) - R h ( l ) - N ( 4 ) 1 7 4 . 3 ( 4 ) N ( 3 ) - R h ( l ) - N ( 4 ) 8 9 . 5 ( 3 ) • 
N ( l ) - R h ( l ) - C ( 4 2 ) 9 1 . 9 ( 4 ) N ( 2 ) - R h ( l ) - C ( 4 2 ) 9 3 . 0 ( 3 ) • 
N ( 3 ) - R h ( l ) - C ( 4 2 ) 9 I . 5 ( 4 ) N ( 4 ) - R h ( l ) - C ( 4 2 ) 9 2 . 7 ( 3 ) • 
R h ( l ) - N ( l ) - C ( l ) 1 2 8 . 1 ( 5 ) R h ( l ) - N ( I ) - C ( 4 ) 1 2 6 . 4 ( 5 ) • 
C ( l ) - N ( l ) - C ( 4 ) 1 0 5 . 4 ( 7 ) R h ( l ) - N ( 2 ) - C ( 6 ) 1 2 6 . 2 ( 6 ) • 
R h ( l ) - N ( 2 ) - C ( 9 ) 1 2 6 . 6 ( 6 ) C ( 6 ) - N ( 2 ) - C ( 9 ) 1 0 6 . 8 ( 6 ) • 
R h ( l ) - N ( 3 ) - C ( l i ) 1 2 4 . 6 ( 6 ) R h ( l ) - N ( 3 ) - C ( U ) 1 2 7 . 3 ( 6 ) • 
C ( l l ) - N ( 3 ) - C ( 1 4 ) 1 0 8 . 1 ( 8 ) R h ( l ) - N ( 4 ) - C ( 1 6 ) 1 2 6 . 5 ( 5 ) • 
R h ( l ) - N ( 4 ) - C ( 1 9 ) 1 2 7 . 1 ( 5 ) C ( 1 6 ) - N ( 4 ) - C ( 1 9 ) 1 0 6 . 1 ( 6 ) • 
N ( l ) - C ( l ) - C ( 2 ) 1 1 0 . 3 ( 6 ) N ( l ) - C ( l ) - C ( 2 0 ) 1 2 2 . 2 ( 9 ) • 
C (2 )-C(l )-C(2Cn 1 2 7 . 5 ( 8 ) C ( l ) - C ( 2 ) - C ( 3 ) 1 0 6 . 4 ( 8 ) • 
I C ( l ) - C ( 2 ) - C ( 2 1 ) 1 2 3 . 3 ( 7 ) C ( 3 ) - C ( 2 ) - C ( 2 1 ) 1 3 0 . 1 ( 9 ) • 
1 C ( 2 ) - C ( 3 ) - C ( 4 ) 1 0 7 . 6 ( 8 ) C ( 2 )-C (3 )-C (23 ) 1 2 5 . 9 ( 9 ) • 
痛 C ( 4 ) - C ( 3 ) - C ( 2 3 ) 1 2 6 . 4 ( 7 ) N ( l ) - C ( 4 ) - C ( 3 ) 1 1 0 . 2 ( 6 ) • 
i N ( l ) - C ( 4 ) - C ( 5 ) 1 2 4 . 7 ( 9 ) C ( 3 )-C (4 )-C (5 ) 1 2 5 . 0 ( 8 ) • 
； C ( 4 ) - C ( 5 ) - C ( 6 ) 1 2 6 . 9 ( 8 ) N ( 2 )-C (6 )-C (5 ) 1 2 4 . 8 ( 7 ) • 
I N ( 2 ) - C ( 6 ) - C ( 7 ) 1 1 0 . 6 ( 9 ) C ( 5 )-C (6 )-C (7 ) 1 2 4 . 6 ( 3 ) • 
, C ( 6 ) - C ( 7 ) - C ( 8 ) 1 0 5 . 7 ( 8 ) C ( 6 )-C (7 )-C (25 ) 1 2 6 . 0 ( 1 1 ) • 
! C ( 8 ) - C ( 7 ) - C ( 2 5 ) 1 2 8 . 3 ( 9 ) C ( 7 )-C (8 )-C(9 ) 1 0 7 . 5 ( 9 ) • 
： C ( 7 ) - C ( 8 ) - C ( 2 7 ) 1 2 8 . 5 ( 8 ) C ( 9 )-C (8 )-C (27 ) 1 2 4 . 0 ( 1 0 ) • 
； N ( 2 ) - C ( 9 ) - C ( 8 ) 1 0 9 . 3 ( 9 ) N ( 2 )-C (9 )-C(10 ) 1 2 4 . 3 ( 7 ) • 
C ( 8 ) - C ( 9 ) - C ( 1 0 ) 1 2 6 . 1 ( 9 ) C ( 9 )-C (10 )-C (11 ) 1 2 6 . 3 ( 9 ) • 
N ( 3 ) - C ( l l ) - C ( 1 0 ) 1 2 7 . 6 ( 1 0 ) N ( 3 ) - C ( l L ) - C ( 1 2 ) 1 0 7 . 9 ( 7 ) • 
C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 1 2 4 . 4 ( 9 ) C ( I l ) - C ( 1 2 ) - C ( 1 3 ) 1 0 8 . 2 ( 9 ) • 
C ( l l ) - C ( 1 2 ) - C ( 2 9 ) 1 2 4 . 8 ( 8 ) C ( 13 )-C (12 )-C (29 ) 1 2 6 . 8 ( 9 ) • 
. C 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 1 0 6 . 5 ( 8 ) C ( 12 )-C (13 )-C (31 ) 1 3 0 . 2 ( 9 ) • 
C ( 1 4 ) - C ( 1 3 ) - C ( 3 1 ) 1 2 3 . 3 ( 7 ) N ( 3 ) - C ( 1 4 ) . C ( 1 3 ) 1 0 9 . 3 ( 7 ) • 
N ( 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 4 . 3 ( 9 ) C ( 13 )-C (14 )-C (15 ) 1 2 6 . 3 ( 8 ) • 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 7 . 3 ( 8 ) N ( 4 )-C(16 )-C(15 ) 1 2 4 . 4 ( 7 ) • 
N ( 4 ) - C ( 1 6 ) - C ( 1 7 ) 1 0 9 . 7 ( 8 ) C ( 15 )-G(16 )-C(17 ) 1 2 5 . 9 ( 8 ) • 
- C 1 6 ) - C ( 1 7 ) - C ( 1 8 ) 1 0 6 . 5 ( 7 ) C ( 16 )-C (17 )-C(33 ) 1 2 4 . 8 ( 9 ) • 
C ( 1 8 ) - C ( 1 7 ) - C ( 3 3 ) 1 2 8 . 6 ( 8 ) C ( 17 )-C (18 )-C(19 ) 1 0 6 . 6 ( 7 ) • 
C 1 7 ) - C ( 1 8 ) - C ( 3 5 ) 1 2 8 . 6 ( 8 ) C ( 19 )-C(18 )-C(35 ) 1 2 4 . 7 ( 9 ) • • 
,• NC4)-C(19 )-C(18 ) 1 1 1 . 1 ( 8 ) N ( 4 )-C(19 )-C(20 ) 1 2 4 . 5 ( 7 ) • 
I C 1 8 ) - C ( 1 9 ) - C ( 2 0 ) 1 2 4 . 3 ( 8 ) C ( l ) - C ( 2 0 ) - C ( 1 9 ) 1 2 8 . 1 ( 8 ) • 
C 2 ) - C ( 2 1 ) - C ( 2 2 ) 1 1 4 . 2 ( 1 1 ) C ( 3 )-C(23 )-C(24 ) 1 1 5 . 0 ( 1 2 ) • 
“ C 7 - C ( 2 5 ) - C ( 2 6 ) 1 1 4 . 5 ( 1 3 ) C ( 8 )-C(27 )-C(28 ) 1 1 1 . 8 ( 1 0 ) • 
- C 1 2 ) - C ( 2 9 ) - C ( 3 0 ) 1 1 2 . 0 ( 1 0 ) C ( 13 )-C(31 )-C(32 ) 1 1 4 . 4 ( 1 2 ) • 
I C 1 7 ) - C ( 3 3 ) - C ( 3 4 ) 1 1 4 . 7 ( 1 1 ) C ( 18 )-C(35 )-C(36 ) 1 1 3 . 9 ( 9 ) • 
：！ C 3 8 ) - C ( 3 7 ) - C ( 4 2 ) 1 2 2 . 0 ( 1 1 ) C ( 37 )-C(38 )-C(39 ) 1 2 1 . 3 ( 9 ) • 
I C 3 8 ) - C ( 3 9 ) - C ( 4 0 ) 1 1 6 . 2 ( 1 3 ) C ( 39 )-C(40 )-C(41 ) 1 2 2 . 1 ( 1 1 ) • 
I C ( 39 )-C(40 )-C(43 ) 1 1 7 . 8 ( 1 4 ) C ( 41 )-C(40 )-C(43 ) 1 2 0 . 2 ( 1 0 ) • 
I C ( 40 )-C(41 )-C(42 ) 1 2 1 . 4 ( 8 ) Rh ( l )-C (42 )-C(37> 1 2 0 . 8 ( 8 ) • 
I Rh ( l )-C (42 )-C (41 ) 1 2 2 . 3 ( 6 〉 C ( 37 )-C(42 )-C(41 ) 1 1 6 . 9 ( 1 1 ) • 
雞 C ( 40 )-C(43 )-N(5 ) 1 7 8 . 4 ( 2 1 ) • 
I 125 _ 
i i 
~~1 
structure of RhTPP(Ph)4 mPhCN 
Reddish-brown plate crystals of RhTPP(Ph)4.m PhCN were grown by slow 
diffusion of ethanol into a CHCl3 solution. It was recrystallized in monoclinic space 
group P2i/n with one molecule of ethanol solvate ( Q 8 H 4 4 N 4 R h ) 
( C 6 H 5 C N ) ( C 2 H 5 O H ) , FW 1167.2 a = 22.2590(8) A, h = 11.9499(6) A, c = 24. 
8388(9) A, V = 5868.7(4) k\ Z = 4，Dc = 1.299 g cm-3, Rf = 0.057，wR = 0.050 
c,a^^^3 "J^j^ 
c . ^ ¾ : . f\^r c , 、^^ : ^ ¾ ^ : . ¾ . 
� 1 5 ? | ^ ^ ： # ^ 》 雜 
^ ^ i / V � � ‘ � 
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Fig. 53 Molecular structure and atomic names of RhTPP(Ph)4 m PhCN (a). "Edge-
on" view plot of the skeleton of RhTPP(Ph)4 m PhCN (b). Hydrogen atoms are 
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Fig. 55 Displacement of the atoms of the RhTPP(Ph)4-m PhCN porphyrin core from 




The molecular structure and atomic names for RhTPP(Ph)4 mPhCN are | 
i, 
0 
presented in Fig. 53. The Rh atom is displaced 0.03 A from the mean plane of 
porphyrin ring and displaced 0.05 A from the four nitrogen atoms plane. The average 
distance of Rh-N is 2.005 A for non-substituted pyrrole and 2.060 A for substituted 
pyrrole (Fig. 54). The N-Ca bond length is also affected by rhodium insertion (average 
i bond length 1.383 入 for rhodium complex, 1.371 A for porphyrin ligand). The ! 
I distance between C45 and C51 is 2.992 A, C51 and C57 is 2.988 A with paralleling 
f{ ^  
J arrangement. The largest deviation relative to the mean plane of four pyrrole rings is at 
i 
Q 0 
C5 (0.13 A), whereas N3 lies approximately above the mean plane by about 0.008 A. 
The dihedral angles between meso-phcnyl plane and mean plane are 91.7°, 
83.50，91.80 and 83.5° respectively (Fig. 53). The dihedral angles between p-
substituted phenyls and the porphyrin mean plane are 91.8°, 83.5°，81.7°，71.9° 
respectively. The eight phenyl groups are of paralleled arrangement. The dihedral 
angles between NC4 pyrroles and mean plane are 3.6°, 0.2°’ 2.8° and 6.7° 
respectively. The dihedral angle between benzonitrile and mean plane is 96°. The 
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Table 20 (a) Bond length (A) and (b) bond angles(") of RhTPP(Ph)4 mPhCN 
(a) Bond length (入）�
R h ( l ) - N ( I ) 2 . 0 7 3 (6 ) R h ( l ) - N C ) 2 0L0 (5 ) 
R h ( i ; - N ( 3 ) 2 . 0 4 6 、 6 ) Rh(l)-.M(4) I 993 ( 5 ) 
Rh( I )-C (69 ) 1 . 9 8 5 (9 ) Rh ( l )-0 (L ) ？ 3“9 (7 ) 
N(L)-C( 3) 1 . 3 76 ( 11) .MCl)-C(6) L .373 ( 7) 
N ( 2 )-C(3 ) 1 . 3 86 ( 7) N (2 )-C(11 ) i 374 ( U ) 
^^(3)-C(13) L . 3 9 4 (10 ) I N (3 )-C(16 ) L i03 (7) 
N (4 )-C(1 ) 1 . 3 7 9 (11 ) M(4 )-C(I3 ) L .373 (3 ) 
G ( l )-C (2 ) L . 397 (10 ) C (L)-C(20) 1 ⑷ （ 9 ) 
G (2 )-C(3 ) L . 3 9 0 ( 3 ) C (2 )-C(21 ) L 496 (13 ) 
C ( 3 ) - C ( “ ） L . ^63 (10 ) C (4 )-C(5 ) 1 .366 (L0) 
C ( ^ )-C(27 ) 1 . 4 8 2 (13 ) C (5 )-C(6 ) 1 . 440 (12 ) 
C (5 )-C(33 ) 1 . 5 06 (9 ) C (6 )-C(7 ) L .388 (11 ) 
G (7 )-C(8 ) L . 389 (12 ) C (7 )-C(39 ) L .526 (8 ) 
C (8 )-G(9 ) L . “ 5 4 (10 ) C (9 )-C(10 ) 1 . 346 ( lL ) 
C ( I 0 ) - C ( 1 1 ) 1 . 4 5 7 (8 ) C ( l l )-C (12 ) 1 .375 (10) 
C ( 1 2 ) - C ( I 3 ) 1 . 4 0 4 (8 ) C (12 )-C(^5 ) 1 .503 (12) 
G (13 )-C(14 ) 1 . 4 6 1 (10 ) G (14 )-C( I5 ) 1 .355 (9 ) 
G ( U ) - C ( 5 1 ) 1 . 4 9 ^ (L3) C (15 )-G(16 ) 1 . 45L (12) 
C (15 )-C(57 ) 1 . 507 (9 ) C (16 )-C(17) 1 . 389 (11 ) 
C (17 )-C(18 ) L . 365 (12 ) C (17 )-C(63 ) 1 . 508 (8 ) 
C ( 13 )-C ( I 9 ) L . “ “ 9 ( lL ) C (19 )-C(20) L .317 (12) 1 
C (2L )-G(22 ) L .383 (15 ) C(2L)-C(26) 1 . 4L2 (14 ) | 
C (22 )-C(23 ) 1 . 3 9 7 (18 ) G (23 )-C(24) L .380 (23 ) |' 
C (2^ )-C(25 ) 1 . 3 3 9 (25 ) C (25 )-C(26) L .386 (19) [ 
C (27 )-C(28 ) L .373 (15 ) C (27 )-C(32) 1 . 401 (13) 
C (28 )-C(29 ) L . 3 91 (15 ) C (29 )-C(30) L .376 (17 ) 
C (30 )-C(31 ) 1 . 375 (13 ) C (31 )-C(32) 1 . 374 (15 ) 
C (33 )-C(34 ) L . 402 (13 ) C (33 )-C(38) 1 . 374 (13 ) 
C (34 )-C(35 ) l . ^OL (11 ) C (35 )-C(36) L .3“5 (18 ) 
C (36 )-C(37 ) L .353 (17 ) C (37 )-C(33) 1 . 360 (12) 
C (39 )-C(40 ) 1 . 4 0 2 (13 ) C (39 )-C(44) 1 . 371 (15 ) 
C (40 )-C(4L) 1 . 3 96 (11 ) C(4L)-C(42) L .335 (20 ) 
C (42 )-C(43 ) 1 . 3 7 1 (18 ) C (43 )-C(44) 1 .336 (12) 
C (45 )-C(46 ) 1 . 3 79 (14 ) C (45 )-C(50) L .382 (13 ) 
C (46 )-C(47 ) 1 . 3 9 2 (16 ) C (47 )-C(48) 1 . 359 (18 ) 
C (48 )-C(49 ) 1 . 3 7 0 (21 ) C (49 )-C(50) 1 .388 (15 ) 
C ( 5 l )-C(52 ) 1 . 3 7 0 (14 ) C(51)-C(56) 1 .368 (13 ) 
C (52 )-C(53 ) 1 . 3 9 9 (15 ) C (53 )-C(54) 1 . 362 (16 ) 
C (54 )-C(55 ) 1 . 3 6 0 (18 ) C(55)-C(56) 1 .378 (16 ) 
C (57 )-C(58 ) L .393 (13 ) C(57)-G(62) 1 .357 (13 ) 
C (58 )-C(59 ) 1 . 3 9 0 (11 ) C(59)-C(60) 1 . 394 (17 ) • 
C (60 )-C(61 ) L . 366 (16 ) C (61 )-C(62) L .39L (11 ) 
C (63 )-C(64 ) 1 . 3 77 ( lL ) C(63)-C(68) 1 . 369 (13 ) 
C (64 )-C(65 ) L . 416 (9 ) C(65)-C(66) 1 . 352 (17 ) 
C (66 )-C(67 ) 1 . 3 39 (15 ) C(67)-C(63) 1 . 399 (10 ) 
C (69 )-C(70 ) 1 . 3 7 7 ( lL ) C(69)-C(7“） 1 : 364 (10 ) 
C (70 )-C(71) 1 . 4 07 (15 ) C (7 I )-G(72 ) L .397 (13) 
C (71 )-C(75 ) L . “ 6 3 (15 ) C<72)-C(73) 1 . 381 (14 ) 
C (73 )-C(74) 1 . 3 6 2 (16 ) C(75)-M(5) 1 .112 (16) 
• 0 ( l ) - C ( 7 6 ) 1 . 4 2 4 (23 ) C(76)-C(77) l . L2L (31) 
(b) bond angles(o) 
N(l )-Rh(l )-N(2 ) 9 0 . L ( 2 ) N ( l )-Rh(l )-N(3 ) 1 7 6 . 4 ( 3 ) 
N(2 )-Rh(l )-N(3) 8 9 . 6 ( 2 ) N(l )-Rh(l )-N(4) 9 0 . 1 ( 2 ) 
IN(2)-Rh(l)-N(4) L 7 8 . 2 ( 3 ) N(3)-Rh(f)-N(4) 9 0 . 1 ( 2 ) 
M(l)-Rh(l)-C(69) 9 0 . 3 ( 3 ) N(2)-Rh(l)-C(69) 9 3 . 2 ( 3 ) 
N(3)-Rh(l)-C(69) 9 3 . 2 ( 3 ) ^I(4)-Rh(l)-C(69) 8 8 . 5 ( 3 ) 
N(1) :11:.(1) 0 ( 1 ) 8 8 . 2 ( 2 ) ^f(2)-Rh(l)-0(l) 89 4 ( 2 ) 
M(3)-Rh(l)-0(1) 8 8 . 3 ( 2 ) N(4)-Rh(l )-0(L) 38 8 ( 2 ) 
>： C (69)-Rh(l )-0(1) 1 7 7 . 0 ( 3 ) Rh(l )-N(l )-C(3) 125 4 ( 4 ) 
Rh(l )-N(l )-C(6) 1 2 6 . 4 ( 5 ) C(3 )-N(l )-C(6) 107 7 (6 ) 
R h ( l ) . N ( 2 ) - C ( 8 ) 1 2 6 . 3 ( 5 ) Rh(l )-N(2)-C(ll ) 126 7 (4 ) 
C(8)-N(2)-C(11) 1 0 7 . 0 ( 5 ) Rh(l)-N(3)-C(13) 1 2 7 . 0 ( 4 ) 
.I .1 
- 1 2 8 
^ ^ 
(b) bond angles(o) 
Rh(L )-N(3 )-C( I6 ) L 2 5 . 3 ( 5 ) C(13)-NC3)-C(I5) L 0 7 . 2 ( 6 ) 
Rh ( I )-N(^ )-C( l ) L 2 6 . “ ( “ ） Rh(I)-N(4)-‘:（13、 L 2 6 . 9 ( 5 ) 
C(l)-N(“、-G(13) L06.4i:5) N ( ^ )-C( l )-C(2 ) . L : 6 . 0 ( 6 ) 
N ( 4 ) - G ( I ) - C C 0 ) L 0 9 . 5 ( 6 ) C (2 )-G( l )-C(20 ) L24 . ( 3 ) 
C ( I )-C(2 )-C(3 ) L 2 5 . 4 ( 3 ) C ( l )-C(2 )-C(21 ) L 1 3 . 2 ( 5 ) 
C (3 )-C(2 )-C(2L) L 2 I . 2 ( 7 ) N ( l )-C(3 )-C(2 ) 1 2 5 . 3 ( 7 ) 
N ( I )-C(3 )-C(4 ) L 0 3 . 9 ( 5 ) C (2 )-G(3 )-C(4 ) L25 3 ( 3 ) j 
C(3 )-C(4 )-C(5 ) 1 0 6 . 3 ( 7 ) C (3 )-C(4 )-C(27 ) L 2 9 . L ( 6 ) 
C (5 )-C(4 )-C(27 ) 1 2 4 . 5 ( 6 ) C (4 )-C(5 )-C(6 ) L08 L (6 ) 
C (4 )-C(5 )-C(33 ) 1 2 1 . 3 ( 3 ) C (6 )-C(5 )-C(33 ) L30 L (7 ) 
N ( l )-G(6 )-C(5 ) 1 0 8 . 7 ( 6 ) N ( I )-C(6 )-C(7 ) L24 6 ( 7 ) 
C (5 )-G(6 )-C(7 ) 1 2 6 . 6 ( 6 ) C (6 )-C(7 )-C(3 ) L26 2 ( 5 ) 
C (6 )-G(7 )-C(39 ) L 2 0 . 7 ( 7 ) C (3 )-C(7 )-C(39 ) L12 9 ( 6 ) 
N(2)-CC3)-C(7) L 2 6 . 4 ( 6 ) NI(2)-C(3)-C(9) L09 3 ( 7 ) 
C (7 )-C(3 )-C(9) 1 2 4 . 3 ( 5 ) C (8 )-C(9 )-C( I0 ) 1 0 6 . 9 ( 5 ) 
C (9 )-G(10 )-C(lL ) L 0 8 . 0 ( 7 ) N (2 )-C(lL )-C(10 ) L08 9 ( 6 ) 
M (2 )-C( l l )-C( I2 ) 1 2 7 . 6 ( 6 ) C ( 1 0 ) - C ( U ) - C ( 1 2 ) L 2 3 . 5 ( 8 ) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 1 2 4 . 4 ( 3 ) C ( l l ) - C ( 1 2 ) - C ( 4 3 ) L L 5 . L ( 6 ) , 
C(13 )-C(12 )-C(45 ) 1 2 0 . ^ ( 7 ) N(3 )-C(13)-G(12) 1 2 4 . 6 ( 6 ) 
N ( 3 ) - C ( 1 3 ) - C ( U ) 1 0 8 . 7 ( 5 ) C ( 1 2 ) - C ( 1 3 ) - C ( U ) L 2 6 . 7 ( 7 ) 
C (13 )-C(14 )-C(15 ) L 0 7 . 4 ( 7 ) C ( 1 3 ) - C ( U ) - C ( 5 L ) L 2 9 . 5 ( 6 ) 
C (15)-C(14)-C(5L) 1 2 3 . 0 ( 6 ) C ( l^ )-C(15 )-C(16 ) L 0 8 . 5 ( 6 ) j 
i C ( U ) - C ( 1 5 ) - C ( 5 7 ) L 2 2 . 6 ( 8 ) C (16 )-C(15)-C(57) 1 2 8 . 6 ( 6 ) 
N(3)-C(16)-C(15) LOa.2(6) -W)-C(16)-C(17) L2“.5(7) ； 
‘ C (15 )-G(16)-C(17) 1 2 7 . 2 ( 6 ) C (16 )-C(17)-C(18) 1 2 5 . 7 ( 6 ) j 
C (16 )-C(17)-C(63) 1 2 0 . 3 ( 7 ) C (18 )-C(17)-C(63) L 1 4 . 0 ( 6 ) , 
丨： N (4 )-C( I8 )-C(17 ) 1 2 6 . 8 ( 6 ) N(4 )-C(18)-C(19) 1 0 8 . 3 ( 7 ) 
1 C (17)-C(18)-C(19) 1 2 4 . 7 ( 5 ) C (18 )-C(19)-C(20) 1 0 8 . 8 ( 6 ) 丨 
P C ( l )-C(20 )-C(19 ) L 0 6 . 9 ( 7 ) C (2 )-C(2L )-C(22 ) , L L 8 . 7 ( 9 ) | 
C (2 )-C(2L)-C(26) 1 2 0 . 6 ( 9 ) C (22 )-C(21)-G(26) I 2 C . 2 ( 9 ) 丨 
M C(21)-C(22)-C(23) 1 1 7 . 6 ( 1 1 ) C (22)-G(23)-C(24) L 2 2 . 5 ( 1 3 ) 
丨：： C (23 )-C(24)-C(25) L 1 8 . 7 ( L 6 ) C (2^ )-C(25)-C(26) L 2 2 . 2 ( 1 5 ) 
C (21)-C(26)-C(25) l L 8 . 7 ( l L ) C (4 )-C(27)-C(28) 1 2 0 . 5 ( 3 ) 
C (4 )-C(27)-C(32) 1 2 1 . 3 ( 9 ) C(28)-C(27)-C(32) 1 1 8 . 1 ( 9 ) 
C (27)-C(28)-C(29) 1 2 0 . 0 ( 1 0 ) C(28)-C(29)-C(30) L 2 L . 2 ( 1 1 ) , 
C (29)-C(30)-C(3L) 119 .“（lL) C(30)-C(31)-C(32) L 1 9 . 6 ( 1 0 ) 
C(27)-C(32)-C(31) 121.7(10) C(5)-C(33)-C(34) 121.0(8) 
C(5)-C(33)-C(38) 1 1 9 . 7 ( 8 ) C(34)-C(33)-C(38) 1 1 9 . 1 ( 7 ) 
C(33)-C(34)-C(35) L L 8 . 8 ( 9 ) C (34)-C(35)-C(36) 1 1 9 . 4 ( 1 0 ) 
C(35 )-C(36 )-C(37 ) 1 2 1 . 9 ( 9 ) C (36 )-C(37 )-C(38 ) 1 2 0 . 2 ( 1 0 ) 
C (33 )-C(38 )-C(37 ) 1 2 0 . 5 ( 9 ) C(7)-C(39)-C(4Cy) 1 L 8 . 9 ( 8 ) 
C (7 )-C(39 )-C(44 ) 1 L 9 . 3 ( 7 ) C (40 )-C(39 )-C(44 ) 1 2 1 . 3 ( 7 ) 
C (39 )-C(40 )-C(41 ) 1 1 5 . 5 ( 1 0 ) C (40 )-C(41 )-C(42 ) 1 2 4 . 0 ( 1 1 ) ‘ 
C (41 )-C(42 )-C(43 ) 1 1 9 . 4 ( 9 ) C (42 )-C(43 )-C(44 ) 1 1 9 . 9 ( 1 2 ) 
C(39)-C(44)-C(^3) 1 1 9 . 9 ( 1 0 ) C(12)-C(45)-CC46) 1 2 0 . 7 ( 8 ) 
C(12)-C(45)-C(50) 1 1 9 . 4 ( 8 ) C(46)-C(45)-C(50) L L 9 . 6 ( 9 ) 
C(45)-C(46)-C(47) 1 2 0 . 2 ( 1 0 ) C(46)-C(47)-C(48) 1 1 9 . 5 ( 1 2 ) 
C(47)-C(48)-C(49) 1 2 1 . 2 ( 1 2 ) C(48)-C(49)-C(50) l L 9 . 7 ( l L ) 
C(45)-C(50)-C(49) 1 1 9 . 3 ( 1 0 ) C(14)-C(51)-C(52) 1 1 8 . 1 ( 8 ) 
C(14)-C(51)-C(56) 1 2 3 . 5 ( 9 ) C(52)-C(51)-G(56) 1 L 8 . 4 ( 9 ) 
C (51)-C(52)-G(53) L 2 0 . L ( 9 ) C (52 )-C(53)-C(5^ ) L 2 0 . 7 ( 1 0 ) 
C ( 5 3 ) - C ( 5 M - C ( 5 5 ) L i a . 9 ( l l ) C (54)-C(55)-C(56) 1 2 0 . 7 ( 1 1 ) 
C(51)-C(56)-C(55) 1 2 1 . 2 ( 1 0 ) C(15)-C(57)-C(58) L 1 7 . 5 ( 7 ) 
C (15)-C(57)-C(62) 1 2 3 . 3 ( 8 ) C (58)-C(57)-C(62) 1 L 9 . 2 ( 7 ) 
C (57)-C(53)-C(59) 1 2 0 . 1 ( 9 ) C (58)-C(59)-C(60) 1 2 0 . 0 ( 1 0 ) 
C(59)-C(60)-C(61) L L 9 . 0 ( 8 ) C(60)-C(61)-C(62) 1 2 0 . 7 ( 1 0 ) 
C(57)-C(62)-C(61) 1 2 0 . 9 ( 9 ) C (17)-C(63)-C(64) L 2 2 . 3 ( 8 ) 
C(17)-C(63)-C(68) 1 1 9 . 2 ( 7 ) C(64)-C(63)-C(ff8) 1 1 3 . 2 ( 6 ) 
C (63)-C(64)-C(65) 1 2 0 . 5 ( 8 ) C(64)-C(65)-C(66) 1 1 9 . 4 ( 8 ) 
C(65)-C(66)-C(67) 1 2 0 . 5 ( 8 ) C (66)-C(67)-C(63) 1 2 0 . 3 ( 1 0 ) 
C(63)-C(68)-C(67) 1 2 G . : ( S ) Rh(l )-C(69)-C(70) 1 2 1 . 3 ( 6 ) 
Rh(l)-C(69)-C(74) 121.0(6) C(70)-C(69)-C(74) 117.7(8) 
C(69)-C(70)-C(71) 1 2 0 . 4 ( 7 ) C(70)-C(71)-C(72) L 2 1 . L ( 9 ) 
C(70)-C(71)-C(75) 1 1 3 . 9 ( 8 ) C(72)-C(71)-C(75) 1 2 0 . 0 ( 1 0 ) 
C(71)-C(72)-G(73) U 6 . 2 ( 1 0 ) C(72)-C(73)-C(74) 1 2 2 . 1 ( 3 ) 
C(69)-C(74)-C(73) 122.4(8) C(71)-C(75)-N(5) 179.5(10) 
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^ • ^ 
structure of RhTPP(Ph)8.mPhCN 
Red plates crystals of RhTPP(Ph)8.m PhCN were prepared by slow diffusion 
of ethanol into a C H C l 3 solution. It recrystallizes in monoclinic space group P2( 1 )/n , 
with one molecule ethanol solvate (C105H82N5O3Rh) FW 1564.7 a = 16.636(1) A , b 
I 二 27.894(2) A , c = 18.641(2) A , V = 8493(4) k\ Z = 4，|d 二 0.0416 mm_l, D c = 
I 1.224 g cm-^,Rp = 0.082，wR = 0.107 f 
The molecular structure and atomic names for RhTPP(Ph)g-mPhCN are showed 
丨 
I in Fig. 56. 
• • I 
C 4 3 
(a) (b) 
Fig. 56 Molecular structure and atomic names of RhTPP(Ph)g-m PhCN (a). ” Edge- , 
on" view plot of the skeleton of RhTPP(Ph)g-m PhCN (b). Hydrogen atoms are 
omitted for clarity. Thermal ellipsoids are drawn at 50% probability level. 
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Fig. 58 Displacement of the atoms of the RhTPP(Ph)g m PhCN porphyrin core from 





Each pyrrole ring with its p-phenyl substituents is alternately up and down, and 
•, '! 
r 
the phenyl rings are rotated into the macrocycle plane to minimize contacts between the • 
substituents. These effects are illustrated in Fig. 56，which displays the edge-on view. 丨 
f 
The significant distortions of the porphyrin skeletons themselves are shown in Fig. 56， 
which also presents the deviations of the 24 atoms that comprise each porphyrin ring 
from a plane defined by the four nitrogen atoms. 
The skeletal deformations are equally striking when viewed as the perpendicular 
displacements of the atoms from the mean plane of the 24 atom core. It is notable that 
Cp atoms of adjacent pyrrole rings are alternately displaced above and below the 
macrocycle planes by more than 1 A. The rhodium atom is displaced 0.052 A from the 
mean plane and displaced 0.050 A from the four nitrogen atoms plane. The distance 
between C69 and C75 is 3.058 A; C75 and Cgi is 3.086 A; Cg? and C21 is 3.058 A. 
The average distance of Rh-N is 2.007 A (Fig. 56) which is shorter than that of Rh-N 
in planar rhodium porphyrin complexes, RhOEP mPhCN, RhTTP mPhCN and 
RhTPP(Ph)4 mPhCN presumably caused by distortion of porphyrin ring. 
The dihedral angles between meso-phenyl rings and the porphyrin mean plane 
are 44.0°, 128.9°, 136.9° and 49.0°. The dihedral angles between P-phenyl rings and 
� 131 
1 • 4调 f • :二 
1 ， 
mean plane are 60.2o, 113.6。，37,6。，73.2", 128.1«, 59.0°, 49.1«, 67.9« respectively. 
The dihedral angles between pyrroles and mean plane are 29.20，27.30，2S.5^ and 
28.0o respectively. The benzonitrile is titled to the mean plane by about 79.2«. The 
selected bond lengths and bond angles were given in table 21. 
Table 21 (a) Bond length (A) and (b) bond angles(。）of RhTPP(Ph)s.mPhCN � 
(a) Bond length (A) 
R h ( l ) - N ( l ) 2 . 0 0 6 ( 8 ) R h ( l ) - N ( 2 ) 2 . 0 1 4 ( 7 ) 
R h ( l ) - N ( 3 ) 1 . 9 9 2 ( 8 ) R h ( l ) - N ( 4 ) 2 . 0 1 4 ( 7 ) 
R h ( l ) - C ( 9 3 ) 1 . 9 9 2 ( 1 0 ) R h ( l ) - 0 ( 1 ) 2 . 3 2 1 ( 7 ) 
N ( l ) - G ( l ) 1 . 3 7 4 ( 1 2 ) N ( l ) - C ( 4 ) L . 3 6 9 ( 1 2 ) 
N ( 2 ) - G ( 6 ) 1 . 3 9 6 ( 1 3 ) N ( 2 ) - C ( 9 ) 1 . 3 7 7 ( 1 3 ) 
N ( 3 ) - C ( l I ) 1 . 4 0 4 ( 1 2 ) N ( 3 ) - C ( 1 4 ) 1 . 3 6 9 ( 1 2 ) 
N ( 4 ) - C ( 1 6 ) 1 . 3 7 7 ( 1 2 ) N ( 4 ) - C ( 1 9 ) 1 . 3 8 0 ( 1 1 ) 
C ( l ) - C ( 2 ) l . “ “ 2 ( 1 5 ) C ( l ) - C ( 2 0 ) 1 . 4 2 9 ( 1 3 ) 
C ( 2 ) - C ( 3 ) 1 . 3 3 6 ( 1 3 ) C ( 2 ) - C ( 2 1 ) L . 4 9 9 ( 15 ) \ 
C ( 3 ) - C ( 4 ) 1 . 4 8 1 ( 1 4 ) C ( 3 ) - C ( 2 7 ) 1 . 4 63 ( 1 5 ) 丨 
C ( 4 ) - C ( 5 ) 1 . 3 8 4 ( 1 3 ) C ( 5 ) - C ( 6 ) L . 403 ( 1 5 ) 
C ( 5 ) - C ( 3 3 ) 1 . 4 9 8 ( 1 4 ) C ( 6 ) - C ( 7 ) 1 . 4 8 8 ( 1 3 ) 
C ( 7 ) - C ( 8 ) 1 . 3 1 9 ( 1 8 ) C ( 7 ) - C ( 3 9 ) 1 . 5 1 0 ( 1 5 ) 
C ( 8 ) - C ( 9 ) 1 . 4 7 5 ( 1 4 ) C ( 8 ) - C ( 4 5 ) 1 . 4 6 0 ( 1 8 ) 
C ( 9 ) - C ( 1 0 ) 1 . 3 8 6 ( 1 5 ) C ( 1 0 ) - C ( 1 1 ) 1 . 3 9 4 ( 1 4 ) 
C ( 1 0 ) - C ( 5 1 ) 1 . 5 0 5 ( 1 6 ) C ( l l ) - C ( 1 2 ) L . “ 6 6 ( 1 3 ) 
C ( 1 2 ) - C ( 1 3 ) 1 . 3 6 2 ( 1 4 ) C ( 1 2 ) - C ( 5 7 ) L . 4 9 2 ( 13 ) , 
C ( 1 3 ) - C ( 1 4 ) 1 . 4 7 7 ( 1 2 ) C ( 1 3 ) - C ( 6 3 ) 1 . 4 7 9 ( 13 ) ； 
C ( 1 4 ) - C ( 1 5 ) L . 4 06 ( 12 ) C ( 1 5 ) - C ( 1 6 ) L . 402 ( 1 2 ) ‘ 
C ( 1 5 ) - C ( 6 9 ) 1 . 4 9 8 ( 1 3 ) C ( 1 6 ) - C ( 1 7 ) 1 . 4 6 4 ( 11 ) 
C ( L 7 ) - C ( 1 8 ) 1 . 3 5 9 ( 1 3 ) C ( 1 7 ) - C ( 7 5 ) L . 5 0 0 ( 1 4 ) 
C ( 1 8 ) - C ( 1 9 ) 1 . 4 5 1 ( 1 2 ) C ( 1 8 ) - C ( 8 1 ) 1 . 4 8 4 ( 1 3 ) 
C ( 1 9 ) - C ( 2 0 ) 1 . 4 3 1 ( 1 4 ) C ( 2 0 ) - C ( 8 7 ) L . 4 87 ( 13 ) 丨 
C ( 2 1 ) - C ( 2 2 ) 1 . 3 6 3 ( 1 4 ) C ( 2 1 ) - C ( 2 6 ) L . 372 ( 1 5 ) j 
C ( 2 2 ) - C ( 2 3 ) 1 . 4 4 4 ( 1 9 ) C ( 2 3 ) - C ( 2 4 ) 1 . 3 4 2 ( 20 ) | 
C ( 2 4 ) - C ( 2 5 ) 1 . 3 0 6 ( 1 8 ) C ( 2 5 ) - C ( 2 6 ) 1 . 4 2 1 ( 19 ) 
C ( 2 7 ) - C ( 2 8 ) 1 . 3 8 8 ( 1 8 ) C ( 2 7 ) - C ( 3 2 ) 1 . 3 3 6 ( 1 5 ) 
C ( 2 8 ) - C ( 2 9 ) 1 . 4 6 3 ( 21 ) C ( 2 9 ) - C ( 3 0 ) 1 . 3 03 ( 1 9 ) i 
C ( 3 0 ) - C ( 3 1 ) 1 . 3 4 3 ( 2 3 ) C ( 3 1 ) - G ( 3 2 ) 1 . 4 0 9 ( 2 1 ) 
C ( 3 3 ) - C ( 3 4 ) 1 . 3 5 4 ( 1 7 ) C ( 3 3 ) - C ( 3 8 ) 1 . 3 7 5 ( 15 ) 
C ( 3 4 ) - C ( 3 5 ) 1 . 4 8 7 ( 2 3 ) C ( 3 5 ) - C ( 3 6 ) 1 . 2 3 0 ( 2 3 ) 
C ( 3 6 ) - C ( 3 7 ) 1 . 3 2 1 ( 2 6 ) C ( 3 7 ) - C ( 3 8 ) 1 . 4 2 8 ( 2 3 ) 
C ( 3 9 ) - C ( 4 0 ) 1 . 4 1 8 ( 1 7 ) C ( 3 9 ) - C ( 4 4 ) 1 . 3 8 8 ( 1 7 ) 
C ( 4 0 ) - C ( 4 1 ) 1 . 4 8 9 (2“） C ( 4 1 ) - C ( 4 2 ) 1 . 3 5 0 ( 25 ) 
C ( 4 2 ) - C ( 4 3 ) 1 . 3 2 3 ( 2 4 ) C ( 4 3 ) - C ( 4 4 ) 1 . 4 3 9 ( 2 3 ) 
C ( 4 5 ) - C ( 4 6 ) 1 . 3 9 1 ( 2 4 ) C ( 4 5 ) - C ( 5 0 ) 1 . 3 5 6 ( 21 ) 
C ( 4 6 ) - C ( 4 7 ) 1 . 5 1 5 ( 3 6 ) C ( 4 7 ) - C ( 4 8 ) 1 . 2 7 7 ( 3 6 ) 
C ( 4 8 ) - C ( 4 9 ) 1 . 3 4 3 ( 3 1 ) C ( 4 9 ) - C ( 5 0 ) 1 . 4 6 7 ( 2 9 ) 
C ( 5 1 ) - C ( 5 2 ) 1 . 3 5 6 ( 1 9 ) C ( 5 1 ) - C ( 5 6 ) 1 . 3 33 ( 2 1 ) 
C ( 5 2 ) - C ( 5 3 ) 1-479 ( 2 8 ) C ( 5 3 ) - C ( 5 4 ) 1 . 3 6 8 ( 3 0 ) 
• C ( 5 4 ) - C ( 5 5 ) 1 . 4 1 9 ( 2 7 ) C ( 5 5 ) - C ( 5 6 ) 1 . 4 23 ( 2 7 ) 
C (57 )-C<58) 1 . 3 5 7 ( 1 8 ) C ( 5 7 ) - C ( 6 2 ) 1 . 3 8 8 ( 1 9 ) 
C ( 5 8 ) - C ( 5 9 ) 1 . 4 6 0 ( 22 ) C ( 5 9 ) - C ( 6 0 ) 1 . 3 3 9 ( 2 8 ) 
C ( 6 0 ) - C ( 6 1 ) 1 . 3 3 6 ( 2 3 ) C ( 6 1 ) - C ( 6 2 ) 1 . 4 4 9 ( 1 9 ) 
C ( 6 3 ) - C ( 6 4 ) 1 . 3 6 9 ( 1 6 ) C ( 6 3 ) - C ( 6 8 ) U 3 8 7 ( 1 5 ) 
C ( 6 4 ) - C ( 6 5 ) 1 . 4 1 5 ( 1 6 ) C ( 6 5 ) - C ( 6 6 ) 1 . 3 5 6 ( 1 8 ) 
C ( 6 6 ) - C ( 6 7 ) 1 . 3 6 4 ( 1 9 ) C ( 6 7 ) - C ( 6 8 ) 1 . 4 1 6 ( 1 6 ) 
C ( 6 9 ) - C ( 7 0 ) 1 . 4 2 1 ( 1 5 ) C ( 6 9 ) - C ( 7 4 ) 1 . 3 5 2 ( 1 4 ) 
C ( 7 0 ) - C ( 7 1 ) 1 . 4 1 4 ( 1 5 ) C ( 7 1 ) - C ( 7 2 ) 1 . 3 6 8 ( 1 7 ) 
C ( 7 2 ) - C ( 7 3 ) 1 . 3 8 5 ( 18 ) C ( 7 3 ) - C ( 7 4 ) 1 . 3 9 7 ( 15 ) 
C ( 7 5 ) - C ( 7 6 ) 1 . 3 5 1 ( 1 6 ) C ( 75 )-C (80 ) 1 . 3 7 7 ( 1 5 ) 
C ( 7 6 ) - C ( 7 7 ) 1 . 4 2 4 ( 2 0 ) C P 7 ) - C ( 7 8 ) 1 . 3 9 1 ( 2 1 ) 
C ( 7 8 ) - C ( 7 9 ) 1 . 3 2 2 ( 2 2 ) C ( 7 9 ) - C ( 8 0 ) 1 . 4 2 7 ( 2 0 ) 
C ( 8 1 ) - C ( 8 2 ) 1 : 3 7 0 ( 18 ) C ( 8 1 ) - C ( 8 6 ) 1 . 3 5 9 ( 1 6 ) 
C ( 8 2 ) - C ( 8 3 ) 1 . 5 0 8 ( 20 ) C ( 8 3 ) - C ( 8 4 ) 1 . 223 ( 23 ) 





C ( 8 7 ) - C ( 8 8 ) 1 . 3 8 8 ( 1 4 ) C ( 8 7 ) - C ( 9 2 ) 1 357 ( 1 3 ) 
C ( 8 8 ) - C ( 8 9 ) 1 . 4 0 6 ( 1 6 ) C ( 8 9 ) - C ( 9 0 ) 1 . 3 0 6 ( 1 7 ) 
C ( 9 0 ) - C ( 9 1 ) 1 . 3 3 1 ( 1 8 ) C ( 9 1 ) - C ( 9 2 ) I . 4 L 9 ( 1 6 ) 
C ( 9 3 ) - C ( 9 4 ) 1 . 3 8 5 ( 1 4 ) C ( 9 3 ) - C ( 9 8 ) 1 . 3 8 3 ( 1 9 ) 
C ( 9 4 ) - C ( 9 5 ) 1 . 4 0 3 ( 1 5 ) C ( 9 5 ) - G ( 9 6 ) 1 . 3 6 5 ( 2 1 ) 
C ( 9 5 ) - C ( 9 9 ) 1 . 4 4 9 ( 1 8 ) C ( 9 6 ) - C ( 9 7 ) 1 352 ( 2 2 ) 
C ( 9 7 ) - C ( 9 8 ) l . “ 2 0 ( 2 2 ) . C ( 9 9 ) - N ( 5 ) 1 . 1 5 4 ( 2 0 ) 
(b) bond angles(o) 
V 
N ( l ) - R h ( l ) - N ( 2 ) 9 0 . 2 ( 3 ) N ( l ) - R h ( l ) - N ( 3 ) 1 7 1 . 8 ( 3 ) 
N ( 2 ) - R h ( l ) - N ( 3 ) 9 0 . 1 ( 3 ) N ( l ) - R h ( l ) - N ( 4 ) 9 0 . 1 ( 3 ) 
N ( 2 ) - R h ( l ) - N ( 4 ) 1 7 7 . 5 ( 3 ) N ( 3 ) - R h ( l ) - N ( 4 ) 9 0 . 0 ( 3 ) 
N ( l ) - R h ( I ) - C ( 9 3 ) 9 3 . 3 ( 4 ) N ( 2 ) - R h ( L ) - C ( 9 3 ) 8 6 . 9 ( 3 ) 
N ( 3 ) - R h ( l ) - C ( 9 3 ) 9 4 . 3 ( 4 ) N ( 4 ) - R h ( l ) - C ( 9 3 ) 9 0 . 6 ( 3 ) 
N ( l ) - R h ( l ) - 0 ( 1 ) 8 4 . 5 ( 3 ) N ( 2 ) - R h ( l ) - 0 ( 1 ) 9 3 . 3 ( 3 ) 
N ( 3 ) - R h ( l ) - 0 ( 1 ) 8 7 . 3 ( 3 ) N ( ^ ) - R h ( l ) - 0 ( 1 ) 8 9 . 2 ( 3 ) 
G ( 9 3 ) - R h ( l ) - 0 ( 1 ) L 7 8 . 4 ( 4 ) R h ( l ) - N ( I ) - C ( l ) 1 2 4 . 3 ( 6 ) 
R h ( l ) - N ( l ) - C ( 4 ) 1 2 3 . 6 ( 6 ) C ( l ) - N ( l ) - C ( 4 ) 1 0 7 . 7 ( 8 ) 
R h ( l ) - N ( 2 ) - C ( 6 ) 1 2 2 . 3 ( 6 ) R h ( l ) - N ( 2 ) - C ( 9 ) 1 2 2 . 4 ( 6 ) 
C ( 6 ) - N ( 2 ) - C ( 9 ) 1 0 9 . 1 ( 7 ) R h ( l ) - N ( 3 ) - C ( l l ) 1 2 2 . 3 ( 6 ) 
EUi(l )-N(3)-G(14) 1 2 5 . 0 ( 6 ) C ( 1 1 ) - N ( 3 ) - C ( 1 4 ) 1 0 8 . 8 ( 7 ) 
R h ( l ) - N ( 4 ) - G ( 1 6 ) 1 2 3 . 3 ( 6 ) R h ( l ) - N ( 4 ) - C ( 1 9 ) L 2 3 . 8 ( 6 ) ； 
C(16 )-N(4 )-C<19 ) 1 0 8 . 8 ( 7 ) N ( l ) - C ( l ) - C ( 2 ) 1 0 9 . 0 ( 8 ) I 
N ( l ) - C ( l ) - C ( 2 0 ) 1 2 3 . 9 ( 9 ) C ( 2 ) - C ( l ) - C ( 2 0 ) 1 2 7 . 0 ( 9 ) 
C ( l ) - C ( 2 ) - C ( 3 ) 1 0 8 . 0 ( 9 ) C ( l ) - G ( 2 ) - C ( 2 1 ) 1 2 7 . 1 ( 9 ) 
C ( 3 ) - C ( 2 ) - C ( 2 L ) 1 2 3 . 5 ( 1 0 ) C ( 2 ) - C ( 3 ) - C ( 4 ) 1 0 6 . 9 ( 9 ) 
C ( 2 ) - C ( 3 ) - C ( 2 7 ) 1 2 5 . 3 ( 1 0 ) C ( 4 ) - C ( 3 ) - C ( 2 7 ) 1 2 6 . 3 ( 8 ) 
N ( l ) - C ( 4 ) - C ( 3 ) 1 0 7 . 8 ( 7 ) N ( l ) - C ( 4 ) - C ( 5 ) 1 2 3 . 5 ( 9 ) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 1 2 8 . 2 ( 9 ) C ( 4 ) - C ( 5 ) - C ( 6 ) 1 2 2 . 2 ( 9 ) 
G ( 4 ) - C ( 5 ) - C ( 3 3 ) 1 2 0 . 4 ( 9 ) C ( 6 ) - C ( 5 ) - C ( 3 3 ) 1 1 7 . 4 ( 8 ) 
N ( 2 ) - C ( 6 ) - C ( 5 ) 1 2 3 . 8 ( 8 ) N ( 2 )-C (6 )-C (7 ) 1 0 6 . 1 ( 9 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 1 3 0 . 0 ( 9 ) C ( 6 ) - C ( 7 ) - C ( 8 ) L 0 8 . 8 ( 9 ) 
G ( 6 ) - C ( 7 ) - C ( 3 9 ) 1 2 1 . 9 ( 1 0 ) C ( 8 ) - C ( 7 ) - C ( 3 9 ) L 2 8 . 6 ( 1 0 ) 
C ( 7 ) - C ( 8 ) - C ( 9 ) 1 0 8 . 2 ( 9 ) C ( 7 ) - C ( 8 ) - C ( 4 5 ) 1 2 3 . 3 ( 1 0 ) 
C ( 9 ) - C ( 8 ) - C ( 4 5 ) L 2 6 . 3 ( l I ) N ( 2 )-C (9 )-C (8 ) 1 0 7 . 6 ( 9 ) [ 
N ( 2 ) - C ( 9 ) - C ( 1 0 ) 1 2 1 . 8 ( 8 ) C ( 8 ) - C ( 9 ) - C ( 1 0 ) 1 3 0 . 0 ( 1 0 ) ‘ 
C ( 9 ) - C ( 1 0 ) - C ( l L ) 1 2 3 . 2 ( 9 ) C ( 9 ) - G ( 1 0 ) - C ( 5 1 ) 1 1 9 . 8 ( 9 ) \ 
C ( l l ) - C ( 1 0 ) - C ( 5 1 ) 1 1 6 . 9 ( 9 ) N ( 3 ) - C ( l l ) - C ( 1 0 ) 1 2 4 . 6 ( 8 ) 丨 
N ( 3 ) - C ( l l ) - C ( 1 2 ) 1 0 6 . 4 ( 8 ) C ( 1 0 ) - C ( l l ) - G ( 1 2 ) 1 2 9 . 0 ( 9 ) j 
G ( l I ) - C ( 1 2 ) - C ( 1 3 ) 1 0 9 . 4 ( 8 ) C ( l L ) - C ( 1 2 ) - C ( 5 7 ) 1 2 3 . 0 ( 9 ) 
、 C ( 1 3 ) - C ( 1 2 ) - C ( 5 7 ) 1 2 6 . 5 ( 8 ) C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 1 0 5 . 9 ( 8 ) 
C ( 1 2 ) - C ( 1 3 ) - C ( 6 3 ) 1 2 6 . 7 ( 8 ) C ( 1 4 ) - C ( 1 3 ) - C ( 6 3 ) 1 2 6 . 7 ( 8 ) 
N ( 3 ) - C ( L 4 ) - C ( 1 3 ) 1 0 8 . 9 ( 8 ) N ( 3 )-C (14 )-C (15 ) 1 2 1 . 6 ( 8 ) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 8 . 8 ( 8 ) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 3 . 2 ( 8 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 6 9 ) 1 2 1 . 8 ( 8 ) C ( 1 6 ) - C ( 1 5 ) - C ( 6 9 ) 1 1 5 . 0 ( 7 ) 
N ( 4 ) - C ( 1 6 ) - C ( 1 5 ) 1 2 4 . 2 ( 7 ) N ( 4 )-C (16 )-C (17 ) 1 0 6 . 7 ( 7 ) 
C ( 1 5 ) - C ( 1 6 ) - C ( 1 7 ) 1 2 8 . 9 ( 8 ) C ( 16 )-C (17 )-C (18 ) 1 0 9 . 1 ( 8 ) 
C ( 1 6 ) - C ( 1 7 ) - C ( 7 5 ) 1 2 4 . 2 ( 8 ) C ( 18 )-C (17 )-C (75 ) 1 2 4 . 7 ( 8 ) 
C ( 1 7 ) - C ( 1 8 ) - C ( 1 9 ) 1 0 6 . 1 ( 7 ) C ( 17 )-C (18 )-C (81 ) 1 2 5 . 9 ( 9 ) 
C ( 1 9 ) - C ( 1 8 ) - C ( 3 1 ) 1 2 7 . 7 ( 8 ) N ( 4 )-G (19 )-C (18 ) . 1 0 9 . 0 ( 8 ) 
一 N ( 4 ) - C ( 1 9 ) - C ( 2 0 ) 1 2 2 . 4 ( 8 ) C ( 18 )-C (19 )-C(20 ) 1 2 7 . 8 ( 8 ) 
C ( l ) - C ( 2 0 ) - C ( 1 9 ) 1 2 1 . 9 ( 8 ) C ( l ) - C ( 2 0 ) - C ( 8 7 ) 1 1 6 . 0 ( 9 ) 
C ( 1 9 ) - C ( 2 0 ) - C ( 8 7 ) 1 2 2 . 0 ( 8 ) C ( 2 )-C(21 )-C(22 ) 1 1 8 . 1 ( 9 ) 
C ( 2 ) - C ( 2 1 ) - C ( 2 6 ) L 2 1 . 6 < 9 ) C ( 22 )-C(21 )-C(26 ) 1 1 9 . 9 ( 1 1 ) 
C ( 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 1 2 0 . 0 ( 1 1 ) C ( 22 )-C (23 )-C (2^ ) 1 1 7 . 6 ( 1 2 ) 
C ( 2 3 ) - C ( 2 4 ) - C ( 2 5 ) 1 2 2 . 8 ( 1 4 ) C ( 24 )-C(25 )-C(26 ) 1 2 1 . 5 ( 1 3 ) 
' C (21 )-C<26)-C(25 ) 1 1 8 . 1 ( 1 0 ) C ( 3 )-C(27 )-C(28 ) 1 2 0 . 8 ( 9 ) 
C ( 3 ) - C ( 2 7 ) - C ( 3 2 ) 1 2 1 . 3 ( 1 1 ) C ( 28 )-C(27 )-C(32 ) 1 L 7 . 8 ( 1 2 ) 
C ( 2 7 ) - C ( 2 8 ) - C ( 2 9 ) 1 1 9 . 2 ( 1 1 ) C ( 28 )-C(29 )-C(30 ) 1 1 6 . 6 ( 1 4 ) 
C ( 2 9 ) - C ( 3 0 ) - C ( 3 1 ) 1 2 7 . 6 ( 1 6 ) C ( 30 )-C(31 )-C(32 ) 1 1 4 . 1 ( 1 3 ) 
C ( 2 7 ) - C ( 3 2 ) - C ( 3 1 ) 1 2 4 . 8 ( 1 3 ) C ( 5 )-C(33 )-C(34 ) 1 2 0 . 8 ( 9 ) 
C ( 5 ) - C ( 3 3 ) - C ( 3 8 ) 1 1 7 . 5 ( 9 ) C ( 34 )-C(33 )-C(38 ) 1 2 1 . 7 ( 1 1 ) 
C ( 3 3 ) - C ( 3 4 ) - C ( 3 5 ) 1 1 6 . 9 ( 1 2 ) C ( 34 )-C(35 )-C(36 ) 1 1 6 . 5 ( 1 7 ) 
, C ( 3 5 ) - C ( 3 6 ) - C ( 3 7 ) 1 3 0 . 7 ( 1 9 ) C (36 )-C(37 )-C(38 ) 1 1 5 . 2 ( 1 5 ) 
C ( 3 3 ) - C ( 3 8 ) - C ( 3 7 ) 1 1 8 . 8 ( 1 2 ) C ( 7 )-C(39 )-C(40 ) 1 1 8 . 0 ( 1 0 ) | 
\ � 133 I 
I I: 
_ .-k 
structure of [RhTMP(Ph)8-m PhCN]n 
Over the last two decades, the search for conducting polymers and molecular 
metals has blossomed into an interdisciplinary endeavor which researchs cover a wide 
variety of systems, including purely organic polymers, stacked and bridged stacked 
inorganic complexes, and organic charge-transfer s a l t s . 2 3 
Porphyrinic molecular metals can be classified into two classes: (1) stacked and 
(2) bridged macrocyclic conductors. Ni(tmp) I (tmp = me5o-tetramethylporphyrin), and 
Ni(omtbp) Ii.o8 (omtbp = octa-methyltetrabenzoporphyrin) typify the former class 
while [M(Pc)0] (M = Si, Ge, Sn) and [ M(Pc)F]n (M = A1, Ga) exemplify the latter 
c l a s s . 2 5 Other noticeable examples of ligand bridged macrocyclic compounds were 
synthesized by Collman's g r o u p 2 4 as metalloporphyrin polymers, [M(OEP)(L-L)]n (M 
= F e , Ru, Os; L - L = pyrazine, 4，4'-bipyridine, 1，4-diazabicyclo[2.2.2] octane (Fig. 
59). 
I 
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Fig. 59 Proposed structure of the octaethylporphyrin coordination polymers where M 
= { F e , Ru, Os} and L - L = {pyrazine，4, 4,-bipyridine，dabco}. 
Suslick and Chen26 have prepared several one-dimensional coordination 
polymers of metalloporphyrins with non-symmetric bridging ligands (Fig. 60) as 
candidates for molecular ferroelectroic materials. Metalloporphyrin complexes of 
Fe(III) and Sn(IV) have been examined. The single crystal X-ray structurally 
characterized examples include [Fe"(TPP)(pyCN)]oo, [Fe"l(TPP)(pyCO2)]oo, and 
[FeIII(TPP)(ImPhO)]oo(Im = imidazole). The chain alignment of the bridging ligand is 
disordered in [Fe"(TPP)(pyCN)]oo, antiparallel in [Fe"l(TPP)(pyCO2)]oo, but aligned 
• i 
. 1 3 4 
and polar in [FeHI(TPP)(ImPhO)]oo. The last one crystallizes in a noncentrosymmetric 
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Red plates crystals of [RhTMP(Ph)8.m PhCN]n were prepared by slow j 
！ 
diffusion of ethanol into a CHCl3 solution. It recrystallizes in orthorhombic space 
group Pbca with 0.5 molecule ethanol and 0.5 molecular CHCl3 solvate (C104H84N4) 
(C7H4N)Rh.O.5CHCl3.O.5CH3CH2OH FW 1677.49 a = 16.987(5) A, b = 31.846(6) 
A, c = 34.49(1) A, y = 18658(2) k\ Z 二 8 “ = 0.28 mm-l, Dc = 1.19 g cm"3, Rf = 
0.072，wR = 0.082. 
The formation of this coordination polymer represents an intermolecular C-H 
activation, which provides a simple and facile entry to coordination polymers. 
Hopefully, this synthetic route may be applied to other metals, arene and macrocyles. 
The molecular structures and atomic names for [RhTMP(Ph)g-m PhCN]n are 
shown in Fig. 60. 
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Fig. 61 Molecular structure and atomic names of [RhTMP(Ph)g-m PhCN]n (a). 
"Edge-on" view plot of the skeleton of [RhTMP(Ph)8.m PhCN]n (b). Hydrogen atoms 
are omitted for clarity. Thermal ellipsoids are drawn at 50% probability level. 
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Fig. 62 Bond distances in [RhTMP(Ph)g-m PhCN]n, in units of k • 
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F i g . 6 3 Displacement of the atoms of the Bond length (A) and angles(®) of 
[RhTMP(Ph)^-m PhCN]n porphyrin core from the mean plane of the macrocycle, in 
units of O.OlA. 
Each pyrrole ring with its p-phenyl substitutents is alternately up and down, and 
the phenyl rings are rotated into the macrocycle plane to minimize contacts between the 
substituents. The coordination sphere of the rhodium atom shows an octahedral 
geometry with the four porphyrinato N atoms occupying the equatorial sites and the C 
and N atoms of two p.-3-cyanophenyl ligands occupying the axial sites. The four N 
atoms of the porphyrin ring in this complex exhibit a saddle configuration with the 
dihedral angles of 16.2°, 24.8°, 19.3° and 23.4° respectively between adjacent pyrrole 
. r i n g s and the mean plane. The dihedral angles between the m^5o-substituted phenyl 
rings and the mean plane are 67.2°, 59.8°, 55.3°，56�respectively. The dihedral 
angles between the p-substituted phenyl rings and the mean plane are 69.1°, 57.6°, 
102.20，76.3o, 109.40，110.40, 65.20 and 109.8o respectively. The dihedral angles 
between its phenyl plane and the equatorial plane is 86.40. 
The 3-cyanophenyl group bridge two rhodium centers, generating a zigzag 
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Table 22 (a) Bond length ( A ) and (b) bond angles(。）of [RhTMP(Ph)8.m PhCN]n 
(a) Bond length (A) 
R h ( l ) - N ( l ) 2 . 2 7 (1 ) Rh ( l )-N(2 ) 2 . 0 ^ (1 ) 
Rh ( l )-N (3 ) 2 . 0 2 (1 ) Rh ( l )-N(4 ) 2 . 0 2 7 (9 ) 
Rh ( l )-N (5 ) 2 . 0 2 8 (1 ) Rh ( l )-C(4a ) 2 . 0 1 (1 ) 
N ( l ) - R h ( l ) - N ( 2 ) 8 5 . 6 ( 4 ) N ( l )-Rh( l )-N(3 ) 9 3 . 0 ( 5 ) 
N ( 2 )-Rh ( l )-N(3 ) 8 9 . 3 ( 5 ) N ( l )-Rh ( l )-N(4 ) 8 6 . 7 ( 4 ) 
N ( 2 )-Rh ( l )-N (4 ) m . 2 ( “ ） N (3 )-Rh(l )-N(4 ) 8 9 . 8 ( 5 ) 
N ( l ) - R h ( l ) - N ( 5 ) 9 2 . 5 ( 4 ) N (2 )-Rh(l )-N(5 ) 9 1 . 0 ( 6 ) 
N ( 3 )-Rh ( l )-N (5 ) 1 7 4 . 5 ( 4 ) N (4 )-Rh(l )-N(5 ) 9 0 . 1 ( 6 ) 
N ( l ) . R h ( l ) ' C ( 4 a ) I 7 9 . I ( 5 ) N (2 )-Rh(l )-C(4a ) 9 4 . 3 ( 5 ) 
N ( 3 )-Rh ( l )-C (4a ) 8 6 . 1 ( 5 ) N (4 )-Rh(l )-C(4a ) . . 9 3 > ( 5 ) 
N(5)-Rh(l)-C(4a) 88.4(5) 
N ( l ) - C ( l ) L .L7 (2) C ( l )-C (2 ) l . “ (2) 
C ( 2 )-C (3 ) 1 . 3 9 (2 ) C (2 )-C(7 ) 1 . 3 7 (2) 
?| C ( 3 )-C(4 ) 1 . 3 8 (2.) C (4 )-C(5 ) 1 . 3 7 (2) 
1^ C(5)-C(6) l.“l (2： C(6)-C(7) 1-34 (2) 
|l 
[: R h ( l ) - N ( l ) - C ( l ) U 2 ( 1 ) N ( l )-C ( l )-C (2 ) 1 72 ( 2 ) 
^ C(l)-C(2)-C(^ 125(1) C(l)-C(2)-C(7) 11“（1) 
r C (3 )-C(2 )-C(7 ) 1 2 1 ( 1 ) C (2 )-C(3 )-C(4 ) 120 ( 1 ) 
t' C ( 3 )-G(4 )-C(5 ) 1 1 8 ( 1 ) C ( 3 ) - C ( 4 ) . R h ( l b ) 123 ( 1 ) 
» C ( 5 ) - C ( 4 ) . R h ( l b ) 1L9 (1 ) C (4 )-C(5 )-C(6 ) 120 ( 1 ) 
.丄 C ( 5 )-C(6 )-C(7 ) 1 2 2 ( 2 ) C (2 )-C(7 )-C(6 ) 1 19 ( 1 ) 
N ( 2 )-C(8 ) 1 . 3 5 (2) N (2 )-C(11 ) 1 . 4 0 (2) C (96 )-C(91 ) 1 . 395 
N ( 3 )-C(13 ) 1 . 3 8 (2) N (3 )-C(16 ) 1 . 38 (2) C (98 )-C(97 ) 1-395 
N ( 4 )-C (18 ) 1 . 3 5 (2) N (4 )-C(21) 1 . 39 (2) C (10n)-C(101 ) 1 . 395 
N ( 5 )-C(23 ) 1 . 3 8 (2) N (5 )-C(26 ) 1 . 37 (2) C (102 )-C(97 ) L .395 
C (8 )-C(9 ) L . 4 4 (2) C (8 )-C(27 ) L . 41 (2) C (103 )-C(108 ) L .39 (3) 
C ( 9 )-C(10 ) 1 . 3 6 (2 ) C (9 )-C(28) 1 . 48 (2) C (104 )-C(109 ) 1 . 5 1 (3) 
C ( 10 )-C(11 ) 1 . 4 5 (2 ) C (10 )-C(34) L .49 (2) C (106 )-C(107 ) 1 . 3 “ （3) 
C ( l l ) - C ( 1 2 ) 1 . 3 7 (2 ) C (12 )-C(13 ) 1 . 42 (2) C (107 )-C(108 ) 1 . 39 (3) 
C ( 12 )-C(40 ) 1 . 4 5 (2 ) C (13 )-C(14) 1 . 41 (2) 
C ( 14 )-C(15 ) 1 . 3 9 (2 ) C (14 )-C(49 ) 1 . 5 2 (2) C(98)-C(99) L .395 
C ( 15 )-C(16 ) 1 . 4 5 (2 ) C (15 )-C(55) 1 . 50 (2) C(99)-C(100) 1 .395 
C (16 )-C(17 ) 1 . 3 9 (2) C (17)-C(18) 1 . 42 (2) C(101)-C(102) 1 .395 
C (17 )-C(61 ) L . “ 5 (2 ) C (18 )-C(19) l . “ 5 (2) C(103)-C(10^) 1 . 3 “ （3) 
C (19 )-C(20 ) 1 . 3 4 (2 ) CC19)-C(70) l . “ 6 (2) C ( 1 0 M - C ( 1 0 5 ) 1 .^1 (3) 
C ( 20 )-C(21 ) 1 . 43 (2) C (20 )-C(76 ) 1 . 57 (2) C (105 )-C(I06 ) L.39 (“） 
C(21 )-C(22 ) 1 . 3 8 (2 ) C (22)-C(23) 1 . 42 (2) C (106)-C(I11 ) L .“7 (3) 
C ( 22 )-C(82 ) 1 . ^ 9 (2 ) C (23 )-C(24 ) l . “ 2 (2) C(108)-C(110) 1 .53 (3) 
CC24)-C(25) 1 . 3 8 (2) C (24)-C(91) 1 . 51 (2) 
C ( 25 )-C(26 ) 1 . 5 4 ( 2 〉 C (25)-C(97) 1 . 47 (2) 
C ( 26 )-C(27 ) 1 . 4 2 (3) C (27)-C(103) 1 . 52 (2) 
C(29)-C(30) 1.395 C(29)-C(28) 1.395 ‘ 
C(30 )-C(31 ) 1 . 395 C(31)-C(32) 1 .395 . 
、“ C (32 )-C(33 ) 1 . 395 C(33)-C(28) 1 . 395 
C(25)-C(36) 1.395 C(35)-C(3M L.395 
C ( 3 6 ) . C ( 3 7 ) L . 3 9 5 C ( 3 7 ) - C ( 3 8 ) L . 3 9 5 
C ( 3 8 ) - C ( 3 9 ) 1 . 3 9 5 C ( 3 9 ) - C ( 3 ^ 1 . 3 9 5 
« C(40)-C(^ I) 1.39 (3) C(“0)-C(“5) 1.37 (2) 
C(ai)-C(^ 2) 1.^ 2 (3) C(“l)-C(“7) 1.^ 8 (3) 
C ( ^ 2 - C ( ^ 3 ) 1 .37 ⑷ C ( “ 3 ) - C ( “ “） L . 2? ( M ‘ 
C (43 )-C(48 ) L .62 ⑷ C ( “ ） - C ( “ 5 ) l > o ( 3 ) 
C 45 -cU6) 1.52 (3) C(50)-C(51) 1- 9 
C 5 0 ) - C ( 4 9 ) 1 .395 C(51)-C(52) i . 3 9 
C:52))-C((53) 1.395 $:;•$》；^ 
C(54)-C(49) 1.395 C(5o)-C(57) 1-395 
C 5 6 - C 5 3 ) 1 .395 C(57)-C(58) L.395 
C 5 8 - C 5 9 1 .395 C ( 5 9 ) - C ( 6 0 ) L . 3 9 5 
I C 6 0 - C 5 5 1 .395 C(61)-C(62) 1 .^3 (2) 
、 C 6 1 - C 66 1 . 38 (2) C(62)-C(63) . 二 
C ( S 2 U ( 6 7 ) 1 . 5 0 (3) 二 - 二 • 
C(6M-C(65) 1.36 (“） = . = ^： ^ 
C(65 )-C(66 ) 1 . ^2 (3) ' 5 n ^ 70 ! *395 
C (71 )-C(72 ) 1 .395 C(71)-C(70) 1-395 
:, 0(72；-0(73； 1.395 。 溫 - 二 . 
」 巧二丨；；丨 ii^^ cl"!:^J5^! " " 3 
^ ⑶丨-⑶丨；:395 ^|-;-J??! [i^^ 
C(80 )-C(81 ) 1 .395 C(81)-C(76) 1 .395 
C^82lcl83; 1.^ 1 (2) ^if3!"a88i M ！ ！ 
, C ( 8 3 ) - C ( 8 M I > 2 (3) 二 。 ' = i ,n 
1 C (84 )-C(35 ) 1 .39 (“） ” 巧 - 二 i l , 
1 C (85 )-C(90 ) 1 . ^9 (3) ^ ' - ' 丨 - ^ ⑶ 
C(87 )-C(89 ) 1 . 50 (3) C(92)-C(93) 1 .395 
~ C 9 2 - C 9 1 1 .395 C(93)-C(94) 1 .395 
1 c(9M-C(95) 1.395 C(95)-C(96) 1.395 ., 
» 、 , 138 i 
1 ^ 
(b) bond angles(o) 
C(32) -0(37)-CC39) 1：：(：) C(36)-C(37)-C(39) 12：(2) 
C ( 9 3 ) - Z ( 9 1 ) - C : 9 l ) i : 0 . 0 C(92)-C(93)-C(94) L20,0 
C(93)-CC94^-C(95) 120.0 C(94)-C(95)-C(96) L20.0 
C(95)-C:95) -C(9l) i : 0 . 0 C(：^)-C(9l)-C(92) l 2L . 6 ( 7 ) 
C C i ) -C(9l) -C(96) LL3.-(7) C(92) -C(9l)-C(96) L20.0 
C(99)-C(93)-C(97) 1：0,0 C(98)-C(99)-C(lOO) L20.0 
Cv'99)-C(l00)-C(L0l) 120 .0 C(IOO)-C(lOL) -C(I02) L20.0 
C(IOl)-C(L02)-C(97) L20.0 C(25)-C(97)-C(98) L13 .3 (8 ) 
C (25 )-C(97 )-Ca02 ) 121 . 6 ( 3 ) C(98)-C(97) -C(L02) 120.0 
C(27)-C(103)-C(10^) i : 2 ( 2 ) C(27)-G(L03)-C(L08) l l 3 ( l ) 
C(L0^)-C(I03)-C(108) L20(2) C(I03)-C(LQ4)-C(I05) L2L(2) 
C( I03)-C(10^)-0(l09) L22(2) C(105)-C(104)-C(109) LL7(2) 
C(I04)-C(I05)-G(106) L : 0 ( 2 ) C(105)-C(L06)-C(107J lL3(2) 
C(105)-C(L06)-C(LIL) L19(2) C(107)-C(I06)-C(lLI ) L22(2) 
C(L06)-C(107)-C(108) I22 (2 ) C(103)-CCl08)-C(107) LL3(2) 
C(103)-C(LQ8)-C(lL0) L2L(2) C(I07)-C(L08)-C(LL0) L20(2) 
Rh(L)-N(2)-C(8) L27(L) Elh(l)-.N(2)-C(Il) L25(L) 
C(3)-M(2) -C(11) l08 ( l ) Rh(l)-.^^(3)-C(L3) I25(1 ) 
3ii(l) -N(3)-C(16) i23 ( l ) C(L3)-M(3)-C(16) L08(1) 
Rh(l)-N(4)-C(13) I26(L) Rh(l)-M(^)-C(21) 124(1) 
C(18)-N(4)-C(21) L08(1) Rh(l)-N(5)-C(23) L25(1) 
Sh(l)-N(5)-C(26) L23(L) C(23)-•^f(5)-C(26) 108(1) 
N(2)-G(8)-C(9) lLO(I) N(2)-C(8)-C(27> L23(1) 
C(9)-C(8)-C(27) L27(1) C(3)-C(9)-C(10) L07(L) 
C(3)-C(9)-C(28) 128(l ) C(10)-C(9)-C(23) I25(L) 
C(9)-C(LO)-C(lL) I 08 ( l ) C(9)-C(LO)-C(34) L2L(1) 
C(LL)-C(10)-C(34) L3I(L) LS(2)-C(lL)-C(10) L07(1) 
N(2)-C(lL)-G(12) 125(1) C(10)-C(Ll)-C(12) L28(2) 
C(lL)-C(12)-C(13) L25(2) C(Ll)-C(12)-C(40) LL7(2) 
C(13)-C(12)-C(6.0) L13(1) N(3)-C(13)-C(12) L22(1) 
N(3)-C(13)-C(14) lLO(I) C (12 )-C(13 )-G(U) 128(2) 
C(13)-C(14)-C(15) L08(L) C(13) -C(U)-C(49) L3l(l ) 
C(15)-C(L4)-C(49) 12L(L) C(l4)-C(15)-C(16) L07(1) 
C(L4)-C(15)-C(55) L22(l) C(16)-C(15)-C(55) I3L(1) 
N(3)-C(16)-C(I5) l08 ( l ) N(3)-C(16)-C(L7) 125(1) 
C(l5)-C(l6)-C(L7) L27(L) C(L6)-C(l7)-C(L3) L2“（L) 
C(l6)-C(17)-C(6L) LL3(L) C(L3)-C(L7)-C(6L) LL3(L) 
M(a)-C(L3)-C(I7) L22(l) :f(4) -C(l3) -C(I9) LL7(L) 
C(l7)-C(l3)-C(L9) l27(L) C(l8)-C(l9)-C(20) L03(I) 
C(L3)-C(L9)-C(70) L3l(L) C(20)-C(l9)-C(70) L25(L) 
C(l9)-C(20)-C(2L) L13(1) C(I9)-C(20)-C(76) L20(L) 
C(2L)-C(20)-C(76) L27(I) N(M-C(2L)-C(20) L05(L) 
M(i)-C(2L)-C(22) L26(l) C(20)-C(21)-C(22) L29(1) 
C(2l)-C(22)-C(23) L2^(L) C(2L)-C(22)-C(32) LL3(L) 
C(23)-C(22)-C(32) l l 9 ( l ) N(5)-C(23)-C(22) L22(1) 
M(5)-C(23)-C(2^t) L10(l) C(22) -C(23)-G(2^) L27(1) 
C(23)-C(24)-C(25) 110(1) C(23)-C(24)-C(9L) L32(L) 
C(25)-C(2^)-C(9l) LI8(l ) C(2^)-C(25)-C(26) L04(L) 
C(2^)-C(25)-C(97) L26(L) C(26)-C(23)-C(97) L30(l) 
N(5)-C(26)-C(25) L08(L) M(5)-C(26)-C(27) 126(1) 
C(25)-C(26)-C(27) L26(2) C(3)-C(27)-C(26) L2^(2) 
C(3) -C(27)-C(IQ3) L19(1) C(26)-C(27)-C(103) ‘ . LL7(L) 
C(30)-C(29)-C(23) L20.0 C(29)-G(30)-C(31) L20.0 
. C(30)-G(3L)-C(32) 120.0 C(31)-C(32)-C(33) 120.0 
C(32)-C(33)-C(28) 120.0 C(9)-C(28)-C(29) L19 .3 (7 ) 
C(9)-C(28)-C(33) L20 .3 (7 ) C(29)-C(23)-C(33) L20.0 
C(36)-C(35)-C(34) 120.0 C(35)-G(36)-C(37) 120.0 
C(36)-C(37)-G(3a) L20.0 C(37)-C(38)-C(39) L20.0 
C(38)-C(39)-C(34) L20.0 C(10)-C(34)-C(35) 121 .2 (7 ) 
C(10)-C(34)-C(39) LL8 .3(7) C(35)-C(34)-C(39) 120.0 
C(12)-C(^0)-C(^1) L21(2) C(12)-C(^0)-C(45) L20(2) 
C(41)-C(^0)-C(^5) l20(2) C(40)-C(4L)-C(42) LL8(2) 
C(40)-C(4L)-C(47) L21(2) C(42)-C(41)-C(47) 12L(2)" 
C(41)-C(42)-C(^3) L18(2) C(42)-C(43)-C(44) L28(3) 
C(“2)-C(43)-C(“3) L13(3) C(^4)-C(43)-C(48) ll9(3 ) 
C(43)-C(^)-C<45) 115(3) C(40)-C(45)-C(4^) .L22(2 ) 
C(40)-C(4:>-C^46; L23(2) C(44)-C(45)-G(46) L15(2) 
C(51)-C(50)-C(49) 120.0 C<50)-G(51)-C(52) 120.0 
C(51)-C(52)-C(53) 120.0 C(52)-C(53)-C(54) 120.0 
C(53)-C(54)-C(49) 120.0 C(14)-C(49)-C(50) L17 .7 (7 ) 
C (U)-C(49 )-C(54 ) L22 .2(7) C(50)-C(49)-C(5i.) L20.0 
C(57)-C(56)-C(53) 120.0 C(56)-C(57)-C(58) 120.0 
C(57)-C(58)-C(59) L20.0 C(58)-C(59)-C(60) 120.0 
C(59)-G(60)-C(53) 120.0 C(15)-C(55)-C(56) 119 .6 (7 ) i 
‘ C(15)-C(55)-C(60) L20 .4(7) C(56)-C(55)-C(60) L20.0 9 
CC17)-C<61)-C(62) L23(L) C(17)-C(61)-C(66) 121(2) i 
Cr62)-C(61)-C(66) L16(2) C(6L)-C(62)-C(63) 121(2) _ 
C(61)-C(62)-C(67) 118(1) C(63)-C(62)-C(67) L2I(2) 9 
‘ C(62)-C(63)-C(64) 120(2) C(63)-C(64)-C(65) 121(2) _ 
C(63)-C(64)-C(69) 117(2) C(65)-C(64)-C(69) 123(2) 1 
C(64)-C(65)-C(66) ll9(2 ) C(61)-C(66)-CC65) 123(2) 1 
. C < 6 1 ) - C ( 6 6 ) - C ( 6 8 ) 1 2 1 ( 2 ) C ( 6 5 ) - C ( 6 6 ) - C ( 6 a ) L 1 6 ( 2 ) 1 
“ C(72)-C(71)-C(70) 120.0 C(71)-C(72)-C(73) 120.0 M 
I 139 I 
I ’ 
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Structure of Rh(CNHPh)TPP(Ph)4 
Red blocks crystals of Rh(CNHPh)TPP(Ph)4 were prepared by slow diffusion 
of ethanol into a C H C l 3 solution. It recrystaIlizes in triclinic space group P T 
((C68H44N4)(C6H5CNH)Rh)) FW 1124.1 a = 113.736(1) A, b = 13.846(1) A, c 二 
15.855(2) A , V = 2814.1(14) A\Z= l , D ^ = 1.327 g cm-^Rp = 0.052, wR = 
0.052 
C 4 3 c 4 2 
c : S : 6 C3 ca ^ ¾ ¾ -
1 ^ ¾ < ^ ^ ^ ^ 
C23 
(a) (b) 
Fig. 64 Molecular structure and atomic names of Rh(CNHPh)TPP(Ph)4 (a). ” Edge-
on" view plot of the skeleton of Rh(CNHPh)TPP(Ph)4 (b). Hydrogen atoms are 
omitted for clarity. Thermal ellipsoids are drawn at 50% probability level. 
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Fig. 65 Bond distances in Rh(CNHPh)TPP(Ph)4, in units of A 
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I F ig . 66 Displacement of the atoms of the Rh(CNHPh)TPP(Ph)4 porphyrin core from 
l! the mean plane of the macrocycle, in units of O.OlA. 
f 
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The molecular structure and atomic names for Rh(CNHPh)TPP(Ph)4 are 
presented in Fig. 64. The Rh atom is displaced by 0.07 A from the mean plane of 
porphyrin ring which is longer than that of RhTPP(Ph)4 mPhCN (0.03� 入 ) . T h e 
%. average distance of Rh-N is 2.015 A for non-substituted pyrrole and 2.056 A for I .^  
I substituted pyrrole (Fig. 65). Insertion of rhodium into p-substituted porphyrins 
decrease porphyrin core size more compared with that of p-substituted porphyrin. The 
N - C a bond length was also shortened by rhodium inserting (average bond length of 
1.383 A in rhodium complex, 1.371 A in porphyrin ligand). The largest deviations 
0 
relative to the mean plane of four pyrrole rings is at C13 (0.42 A), whereas N3 lies 
0 __  
approximately above the mean plane by about 0.03 A (Fig. 27). The atom deviations 
from the mean plane in PhCN are larger than those of RhTPP(Ph)4 mPhCN, which 
showed larger deviation than that of RhTPP(Ph)4.mPhCN. The selected bond lengths 
and bond angles were given in table 23. 
, 
i � 1 
1 i •-^ -j 
Table 23 (a) Bond length (A) and (b) bond angles(。）of Rh(CNHPh)TPP(Ph)4 
(a) Bond length (A) 
f ( l ) - C ( 5 ) 1 . 3 9 2 ( ? ; : U 2 ) - C ( 7 ) L . 3 7 5 (“） 
N ( 2 ) - C ( l O ) L . 387 (6 ) N ( 3 )-C(12 ) L . 281 (6 ) 
N ( 3 ) - C ( 1 5 ) 1 . 3 9 1 (5 ) N ( 4 )-C(17 ) 1 . 3 77 (4 ) 
N ( 4 ) - C ( 2 0 ) 1 . 3 7 2 (6 ) C ( l ) - C ( 2 ) L . 389 ( 6 ) 
C ( l ) - C ( 2 0 ) 1 . 4 03 (5 ) C ( l ) - C ( 2 1 ) 1 . 4 9 9 (7 ) 
C ( 2 ) - C ( 3 ) 1 . 4 5 7 (5 ) C ( 3 )-C (4 ) 1 . 3 47 (7 ) 
C ( 3 ) - C ( 2 7 ) 1 . 4 9 8 (7 ) C ( 4 )-C (5 ) 1 . 4 52 ( 6 ) 
C ( M - C ( 3 3 ) 1 . 5 0 0 (5 ) C ( 5 )-C (6 ) 1 . 396 (7 ) 
C ( 6 ) - C ( 7 ) L . 39L (6 ) C ( 6 )-C(39 ) 1 . 4 8 9 (5 ) 
C ( 7 ) - C ( 8 ) i . 4 4 1 (7 ) C ( 8 )-C (9 ) 1 . 3 4 9 ( 6 ) 
C ( 9 ) - C ( 1 0 ) L . 4 38 (6 ) C ( 10 )-C(11 ) 1 . 3 95 ( 5 ) 
C ( l l ) - C ( 1 2 ) L . 4 0 4 (6 ) C ( l l ) - C ( 4 5 ) 1 . 4 9 6 (7 ) 
C ( 1 2 ) - C ( 1 3 ) L . 4 4 0 (5 ) C ( 13 )-C(14 ) 1 . 3 53 (6 ) 
C ( 1 3 ) - C ( 5 1 ) L . 4 8 9 (7 ) C ( 14 )-C(15 ) 1 . 4 66 (6 ) 
C ( 1 4 ) - C ( 5 7 ) L . 488 (5 ) C ( 15 )-C(16 ) 1 . 393 (7 ) 
C ( 1 6 ) - C ( 1 7 ) 1 . 3 9 9 (6 ) C ( 16 )-C(63 ) 1 . 5 0 4 (5 ) 
C ( 1 7 ) - C ( 1 8 ) 1 . 4 2 8 (7 ) C (18 )-C(19 ) 1 . 3 56 (6 ) 
C ( 1 9 ) - C ( 2 0 ) 1 . 4 4 0 (6 ) C ( 21 )-C(22 ) 1 . 3 86 (8 ) 
C ( 2 1 ) - C ( 2 6 ) 1 . 3 7 6 (7 ) C ( 22 )-C(23 ) L . 385 ( 9 ) 
C ( 2 3 ) - C ( 2 4 ) 1 . 3 6 0 ( 11 ) C ( 24 )-C(25 ) 1 . 3 5 9 ( 10 ) 
C ( 2 5 ) - C ( 2 6 ) 1 . 3 9 2 (9 ) C ( 27 )-C(28 ) 1 . 3 7 9 ( 8 ) 
* C ( 2 7 ) - C ( 3 2 ) 1 . 3 7 0 (8 ) C ( 28 )-C(29 ) 1 . 3 9 2 ( 9 ) 
C ( 2 9 ) - C ( 3 0 ) 1 . 3 5 5 ( 10 ) C ( 30 )-C(31 ) 1 . 3 56 ( 10 ) 
C ( 3 1 ) - C ( 3 2 ) 1 . 3 9 7 (9 ) C (33 )-C(34 ) 1 . 3 7 4 (8 ) 
C ( 3 3 ) - C ( 3 8 ) 1 . 3 6 5 ( 8 ) C (34 )-C(35 ) 1 . 393 ( 7 ) 
C ( 3 5 ) - C ( 3 6 ) 1 . 3 4 1 ( 10 ) C ( 36 )-C(37 ) 1 . 369 ( 11 ) 
C ( 3 7 ) - C ( 3 8 ) 1 . 3 8 7 (7 ) C ( 39 )-C(40 ) 1 . 363 ( 8 ) 
C ( 3 9 ) - C ( 4 4 ) 1 . 3 7 1 (8 ) C ( 40 )-C(41 ) 1 . 3 82 ( 8 ) 
C ( 41 )-C (42 ) 1 . 3 2 8 (12 ) C (42 )-C(43 ) 1 . 3 4 8 ( 14 ) 
C ( 4 3 ) - C ( 4 4 ) 1 . 3 9 1 ( 8 ) C (45 )-C(46 ) 1 . 365 (8 ) 
C ( 4 5 ) - C ( 5 0 ) 1 . 3 6 8 (9 ) C (46 )-C(47 ) 1 . 3 7 1 ( 11 ) 
C ( 4 7 ) - C ( 4 8 ) 1 . 3 5 0 (15 ) C (48 )-C(49 ) L . 348 ( 1 4 ) 
C ( 49 )-C (50 ) 1 . 4 0 8 ( 12 ) C (51 )-C(52 ) 1 . 3 7 9 ( 8 ) 
C ( 5 1 ) - C ( 5 6 ) 1 . 3 8 4 (7 ) C (52 )-C(53 ) 1 . 3 75 ( 9 ) 
C ( 5 3 ) - C ( 5 4 ) 1 . 3 5 7 (10 ) C (54 )-C(55 ) 1 . 3 55 ( 12 ) 
C ( 5 5 ) - C ( 5 6 ) 1 . 3 9 2 ( 11 ) C (57 )-C(58 ) L .392 (8 ) 
C ( 57 )-C (62 ) 1 . 3 85 (7 ) C (58 )-C(59 ) 1 . 3 77 (7 ) 
C ( 59 )-C (60 ) 1 . 3 6 2 (9 ) C (60 )-C(61 ) 1 . 3 6 8 ( 10 ) 
G ( 61 )-C(62 ) 1 . 3 8 0 (6 ) C (63 )-C(64 ) L . 377 ( 7 ) 
C ( 63 )-C (68 ) 1 . 3 8 3 (6 ) C (64 )-C(65 ) 1 . 383 (6 ) 
C ( 65 )-C (66 ) 1 . 3 7 6 (8 ) C (66 )-C(67 ) 1 . 3 7 0 ( 9 ) 
C ( 6 7 ) . C ( 6 8 ) 1 . 3 7 6 ( 6 ) C (69 )-C(70 ) 1 . 3 68 ( 9 ) 
C ( 69 )-C(74 ) 1 . 3 8 8 (8 ) C (69 )-C(75 ) 1 . 502 ( 6 ) 
C ( 70 )-C(71 ) 1 . 3 8 0 (10 ) C (71 )-C(72 ) 1 . 3 6 6 ( 13 ) 
C ( 72 )-C (73 ) 1 . 3 6 0 (15 ) C (73 )-C(74 ) 1 . 3 75 (9 ) 
C ( 75 )-N(5 ) 1 . 1 5 8 (6 ) 
丨 
•••!• 
I . 142 
1 1 
'i . 
(b) bond angles(o) 
/^(3)RK(l)-C(7r) 88 9(2) . , . • , , , . . . . 
.^ h(L)-N(l)-C(2) p 5 ^ : 二二-：^卜“"。….， 39.1,：) 
C(2).V()-C( 06；； Rh(U-N(l)-C(5) L26.4,-3) 
Rh()-N )-C O) ' • 5;:)-N(2)-C(7) L26.5(3) 
Rh(l)-N3-C12 pi^3 2 C()^(2)-C(10) 107.0(3) 
C(12)..N3-CI5 0i"9 ^()-N(3)-C(15) L26.L(3) 
Rh(l-M4-CrO l o l . l l l Rh(l)-N(M-C(17) 126.5(3) 
C(2 C()C(25? ] , l M l C(L7)-N(4)-C(20) I07.L(3) 
s^iri^i!lF' i i i i i i i i ' • � $ ; 
i l f i i i i 11 
• i 1 i l l 11 
工”：溫丨：工；丨s: s;hb3 ) : 
滥？溫？盟）i-e!：! 品:丨由1丨: 
C(14).C(13)-C(51) 123.2(4) C 3 - C U - C 5 1 0 ^ 3 
C(13)-C(U).C(57) 122.2(4) C 1 5 - C U - C 5 7 lTnl^ll 
N(3)-C(15)-C(U) L08.3(4) 芯 二 二 l，2.=) 
C(14)-C(15)-C(16) 127.7(3 C )-c 'c ) U 5 s n l 
C(15)-C(16)-C(63) LL8.3(4) C17-C16-a63 m 3 4 
N(4)-C(I7)-C(16) L25.9(4) N4)ca7?cri8? i i [ ? L 
C(16)-C(17)-C(18) i2..5|3 C a ) ^ D ' ^ ) o ' ^ t 
C(18)-C(19)-C(20) L07.2(4) ^4)：0(0)：0() ^27ot 
N(4)-C(20)-C(19) 108.9(3) Cl-C20-C19) 1239^ 
C(l)-C(21)-C(22) 121.3(5) C l - C 2 I . C 2 6 19^55 
C(22)-C(21)-C(26) L19.L(5) C2)-C(22)-cS) u9a 
C(22)-C(23)-C(24) 120.6(6) C 2 3 - C 4 - C '20 
C(24)-C(25)-C(26) 120 .1 (6 ) C ( 2 1 ) - C 2 6 - C 2 5 3 . ^ 5 
C(3)-C(27)-C(28) 117.3(5) C(3)-C(27)-C(2 L2^ 6 5 
2丨丨丨-识97[。'丨33�2丨 \\li'll ^(27)4(28)-^¾) L't：^ 
C(28)-C(29)-C(30) 118.9(6) C(29)-C(30)-C(31) 121 0�7� 
C(30)-C(31)-C(32) 119.9(6) C27-C32-C3I 1 ^ ^ 5 
C(4)-C(33)-C(34) 121.2(4) 0 4)：0(3)：008) i n ' o 5 
C(34)-C(33)-C(38) U7.6(4) C(3)-C(34)-C(3) i n 5 5 
C(34)-C(35)-C(36) IL9.8(6) C35-C36-C37 120U5 
C(36)-C(37)-C(38) 119.9(6) C33-C38-C37 l2ll(ll 
C(6)-C(39)-C(40) 122.0(5) 0 6)：0(9)：0^ 4) l ^ ' o 5 
C(40)-C(39)-C(44) 117.9(4) C39)-C(40)-C(41) l2lS(ll 
C(40)-C(4l)-C(42) L19.6(7) C(41-C42-C43 12035 
C(42)-C(43)-C(44) 120 .2(7) C 3 9 . C 4 4 - C 4 3 ! 1 ^ 3 7 
C(ll)-C(45)-C(46) 12L.5(5) C11-C45.C50 1 2 ^ 5 
C(46)-C(45) .C(50) L18.0(6) C ( 4 5 ) - C 4 6 - C ^ l2l2(l) 
• C(46)-C(47)-C(48) 121.0(8) C(47).C48-C49 u 9 2 9 
C(48)-C(49)-C(50) 120 .4(9) C ( 4 5 ) - C 5 0 - C 4 9 1 2 ^ 1 7 
C(13)-C(51)-C(52) L20.6(4) C(13)-C;51)-C(56) 122：0(5) 
C(52)-C(51)-C(56) 117.2(5) crsn r r ” � “ … … 
C(52)-C(53)-C(54) 120.4 6 C 5 3 " c L ' r ’丄？“⑶ 
• C(54)-C(55)-C(56) 121.4 7 CS^-'cs^'? }ln^^'^ 
C(14)-C(57)-CC58) 120.3 4 C l M C 5 7 ^ r L ’丄二.。… 
C(58)-C(57)-C(62) 118.5 4 二 二 二 ^^ 0. (4) 
C(58)-C(59)-C(60) 120.7(6 c59 c 6 o ' r . ? ^^0.1(5) 
C(60)-C(61).C(62) 120.3 5 C 5 7 C 6 2 ' r ^ ’丄二.。。） 
C(16)-C(63)-C(64) 120.6 4 C U C 6 3 I L iJ?，” 
C(64)-C(63).C(68) 118 3 4 c(lll rrlll riAl 121.1(4) 
C(64)-C(65)-C(66； 115.9 5 C - ' c ^ ' ^ . l l ^ l i ' ' ^ 
C(66) .C(67)-C(68) 120 5 5 C 6 3 ^ . f i ^ " ^ f ^ U 9 . 5 ( 4 ) 
.. C(70)-C(69)-C 74 119 4 C 7 o ' c 6 o ' c 7 S ’‘二“⑴ 
C(74)-C(69)-C(75) 118.0 5 0 6 9 0 7 0 ^ 7 1 ,^".6(5) 
C(70)-C(71)-C(72) 119.0 8 ^ 7 1 c 7 2 ' c 7 . }20.6(6) . 
V C(72)-C(73)-C(74) 119.4 8 C 6 9 . c 7 4 ' c 7 . }ll'^^^ 
\ Rh(l)-C(75)-C(69) 115.9 3 ^(U-Cm'S??^ ,^ 20.0(7) 
I C(69)-C(75)-N(5) 121.4(5) ( ) ^^ ^^ "^ ^^ ^ U2.6(3) | 
！ • 143 I 
! 
The dihedral angles between meso-phcnyl and the porphyrin mean plane are 
71.20，79.40, l09.6o and 7 4 . 7 ^ respectively. The dihedral angles between p-
substituted phenyls and mean plane are I O 8 . O 0，7 9 . 9 ^ , 104.2o and 108.9« respectively. 
The dihedral angles between NC4 pyrroles and mean plane are 9.6^, 5.5°, 9.5° and 
10.1° respectively. The dihedral angle between benzonitrile and mean plane is 96°. 
The bond length between Rh(l) and N(1) is 2.27(1)入，Rh(l) and C(4a) is 2.01 
A which is a typical Rh-C bond distance.22 The distance between C70 and C76 is 
2.964 A, C76 and Cg2 is 3.019 A. 
To compare the structures of Rharyl complexes, the selected bond lengths and 
angles were given in table 24. 
Table 24 Average bond angles (deg) of various porphyrins 
Porphyrin C g - N - C g C g - C m - C g C m - C g - C p N - C g - C m C a - C p - C 3 
142* 105.8(4) 125.4(4) 124.9(4) 123.9(4) 107.1(4) 
1 4 4 107.0(5) 125.4(8) 124.3(8) 126.4(6) 106.9(5) 
110.3(4) 125.4(8) 125.8(8) 125.3(7) 108.1(6) 
5 6 a *105.4(34) 125.9(5) 124.3(6) 128.2(6) 107.2(6) 
110.8(6) 125.9(5) 128.8(6) 124.0(6) 107.2(6) 
1 4 9 105.4(7) 126.3(8) 125.0(8) 124.7(9) 107.6(8) 
1 5 1 107.7(8) 123.2(8) 127.8(8) 123.9(9) 108.0(9) 
1 5 3 108.1(3) 124.5(4) 127.9(4) 123.1(4) 107.4(4) 
* non-substituted pyrrole. 
The effects of the adjacent alkyl and aryl groups are mainly reflected in the bond 
angles. Since the pyrrole rings swivel alternately up and down, those angles are 
obviously most affected by the saddle conformations. Table 24 shows there is a 9 
dif ference between the angles of C a - C m - C a for H 2 T P P ( P h ) 4 and _ 
RhTPP(Ph)4.mPhCN. RhTPP(Ph)g mPhCN has the smallest value of Ca-Cm-Ca m 
、 144 I 
V ' ' 
1 1 
,'V ‘ 
angle while RhOEP mPhCN has the largest one among them. It may suggest that the 
core size of RhTPP(Ph)8.mPhCN is decreased because of larger distortion. In the 
nearly planar RhTPP(Ph)4 mPhCN, there are differences of C a - N - C a (3。）and Cm-
Cct-Cp (10) between the substituted pyrroles and non-substituted pyrrole. These make 
the size of substituted porphyrin pyrrole larger than that of non-substituted pyrrole. N -
C a - C m angle is larger at substituted pyrrole than that of non-substituted pyrroles, but 
smaller than that of H2TPP(Ph)4 because of rhodium insertion. No difference in € « -
C p - C p angles of porphyrins is observed. 
For the coordination porphyrin polymer 153, interesting structural features are 
observed in crystal packings. For example, the two rows of 144 in the unit cell cross 
each other (Fig. 67). A B C structure was formed in 144 where B is inserted into A and 
C, whereas two rows of 1 5 3 in the unit cell are parallel and form A B structure. 
Therefore, the bulky phenyl group prohibits C N group from coordinating to Rh in 
144. Although the rows of 1 5 1 in the unit cell are arranged parallel and form A B 
structure, its large distortion increases the steric hindance around rhodium atom. The 
largest deviation of 1 5 1 is 4.38 A for phenyl group and 1.17 A for pyrrole, whereas 
that of 153 is 2.40 A for phenyl and 0.92 A for pyrrole. Therefore, it is impossible for 
C N to coordinate with Rh in 151 . 
、 1 4 5 I 
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Fig. 67 View of the molecular packing in the unit of RhTTP.mPhCN (a)， 
R h O E P m P h C N (b), RhTPP(Ph )4-mPhCN (c), RhTPP(Ph)g mPhCN (d)， 
[RhTMP(Ph)8.m PhCN]n (e) and Rh(CNHPh)TPP(Ph)4 � • 
From these crystal structures, the phenyl rings of adjacent molecules do not • 
overlap in any of the packing arrangements. Fig. 67 displayed the arrangements of the • 
i 146 I 
I 
； p o r p h y r i n s in the unit c e l l s o f R h T T P m P h C N , R h T T P m P h C N , 
R h T P P ( P h ) 4 . m P h C N , R h T P P ( P h ) 8 . m P h C N , [ R h T M P ( P h ) 8 . m P h C N ] n and 
‘ Rh(CNHPh)TPP(Ph)4. The porphyrins pack in parallel layers. The closest center to 
center approach of the porphyrin rings is 9.17 A for RhTTP.mPhCN，14.07 A for 
R h O E P m P h C N , 1 0 . 5 5 A f o r R h T P P ( P h ) 4 m P h C N , 14 .46 A for 
RhTPP(Ph)8 -mPhCN, 8.83 A for [RhTMP(Ph)8-mPhCN]n and 4.20 A for 
Rh(CNHPh)TPP(Ph)4. The least-square distances between two layers are 4.91 A for 
R h T T P mPhCN, 3.43 A for R h O E P mPhCN, 5.00 A for RhTPP(Ph)47nPhCN, 4.32 
A for RhTPP(Ph)8.mPhCN, 5.20 A [RhTMP(Ph)g m P h C N ] n and 5.62 A for 
R h ( C N H P h ) T P P ( P h ) 4 . A m o n g the crystal structures described above, the 
intermolecular contacts of 144，145, 1 4 6 , 1 5 1 and 1 5 3 are greater than 4 A.28 
Therefore, no evidence for K-K interaction between neighbouring molecules was found 
in these structures. This indicates that the observed planarity and non-planarity does 
not arise from crystal packing forces but from a minimization of steric repulsions 
between the peripheral phenyl rings. The conformation of the macrocycle and the tilting 
of the phenyl rings into the porphyrin plane effectively minimize unfavorable contacts 
between the peripheral substituents. The K-K interaction between neighbouring 
molecules was found only in 142 (the intermolecular contact is less than 4 A). 
Table 25 Bond lengths of Rh-C of rhodium porphyrin complexes 
Rhodium porphyrin complexes 
142 144 146 149 1 5 1 1 5 3 
Bond length of 
Rh-C (A) 2.018(4) 1.985(9) 1.963(5) 2.005(12) 1.992(10) 2.01(1) 
The bond lengths of Rh-C bonds are listed in table 12. The Rh-C bonds remain 
more or less constant at 2.0 A. The longest bond length is 2.018 A in RhTTP mPhCN 
and the shortest bond length is 1.963 A in Rh(CNHPh)Ph4 mPhCN. Consequently, in 
view of the different electronic and steric factors of porphyrins, the lengths of Rh-C • 
remain unaffected. _ 
• 147 I 





‘ Seven novel rhodium porphyrin complexes have been synthesized from 
the selective activation of a meta carbon-hydrogen bond of PhCN via the reaction 
of RhCl3 with porphyrins H2TTP, H2TPP(Ph)4, H2OEP, H2TMP (Ph )4 , 
H2TPP(Ph)8 and H2TMP(Ph)8 in refluxing PhCN. The structures of the respective 
products 142，144，146, 1 4 7 , 1 4 9 , 1 5 1 and 1 5 2 have been established from 
single crystal X-ray analyses to be m^ra-cyanophenyl Rh porphyrins. The proposed 
mechanism of the intermolecular arene C-H activation follows an electronphilic aromatic 
substitution pathway at PhCN by rhodium porphyrin chlorides, possibly assisted by the 
highly polar PhCN solvent. One nitrile-bridged coordination polymer 1 5 1 has been 
also identified. In the reaction of RhCl3 with H2TPP(Ph)4, a rhodium imine compound 
146 has been isolated and characterized by X-ray, which is likely formed from the 





, „ • 4 — . . . 
IR spectra were recorded on a FT-IR spectrophotometer as neat films on KBr | 
plates. lH N M R spectra were recorded on Bruker WM250 super-conducting (250 I 
MHZ) spectrometers and Bruker A R X 500 (500 MHz) spectrometer 250 MHz. In all I 
lH NMR measurements, chemical shifts were referenced with tetramethylsilane 8 = | 
0.00 ppm. Mass spectra were obtained either in EI mode at 70 eV or in F A B mode I 
using N B A as the matrix. F A B mass spectra were recorded with a JEOL JMS-HX I 
1 lOMass Spectrometer using m-nitrobenzyl alcohol (NBA) as the matrix in National I 
Tsing Hua University in Taiwan and V G Z A B 3F. Elemental analysis were performed I 
by the Medac Ltd, Department of Chemistry, Brunei University, U. K. Unless I 
otherwise noted, all materials were obtained from commercial suppliers and used I 
without further purification. Flash chromatography was performed with silica gel (70- I 
_ „ > . 
Synthesis of rhodium porphyrin complexes: I 
(5，10，15，20-Tetratolylporphyrinato)(3-cyanophenyl)rhodium(III) | 
Chloride (143) and ( 5，1 0，1 5，2 0 - t e t r a t o l y l p o r p h y r i n a t o ) ( 3 - I 
c y a n o p h e n y l ) r h o d i u m ( I I I ) (142). H2TTP (100 mg, 0.149 mmol) and I 
RhCl3 3H2O (79 mg, 0.298 mmol) were refluxed in PhCN (15 mL) in air for 72 I 
hours. After removal of the solvent, the reaction mixture was purified by • 
chromatography using a solvent mixture of CH2Cl2/ hexane (2: 1) as the eluent and the • 
different fractions were collected for 143 and 142. R h T T P C l 142.29 (72 mg, 60% 1 
yield). R/= 0.12 (hexane : CH2Cl2 = 1 ： 2). iR NMR (250 MHz, CDCl3) 6 2.70 (s, I 
12 H), 8.07 (d, 4 H, J = 7.5 Hz), 8.20 (d, 4 H, J = 7.5 Hz), 8.94 (s, 8 H). UV/Vis I 
^max (CH2Cl2, nm, log£): 428.0 (5.25), 539.0 (4.39)，575.0 (4.16). 9 
R h T P P m P h C N , 143. (36 mg, 28 % yield). R/ = 0.28 (hexane: CH2Cl2 = 1: 2). 9 





H)，4.79 (t, 1 H, J = 7.7 Hz), 5.48 (d, 1 H, J = 6.6 Hz), 7.52 (d, 8 H, J = 7.6 Hz), 
7.96-8.04 (m, 8 H), 8.78 (s，8 H). Anal. Calcd for RhC55H40N5 . H2O: C 74.07，H 
4.75，N 7.85; Found: C 73.67，H 4.58, N 7.78. F A B M S (matrix: N B A ) m/e : 1426.4 
(M+). UVAVis >^ max (CH2Cl2, nm, loge): 414.0 (5.16)，522.0 (4.31). IR (film) v c N 
(cm-l): 2222. 
( 2， 3， 5， 1 0， 1 2， 1 3， 1 5， 2 0 - 0 c t a p h e n y l p o r p h y r i n a t o ) ( 3 -
cyanophenyl)rhodium(III)Chloride (126)，（2，3，5，10，12，13，15，20-
Octaphenylporphyrinato)(3-cyanophenyl)rhodium(III) (144) and (2，3， 
5，1 0，1 2，1 3，1 5，2 0 - 0 c t a p h e n y l - p o r p h y r i n a t o ) ( a - p h e n y l i m i n e ) 
rhodium(III) (146). H2TPP(Ph)4 (100 mg, 0.109 mmol) and RhCl3 3H2O (57.5 
mg, 0.218 mmol) were refluxed in PhCN (15 mL) in air for 48 hours. After removal of 
the solvent, the reaction mixture was purified by chromatography using a solvent 
mixture of CH2Cl2/ hexane (2: 1) as the eluent and the different fractions were 
collected for 144, 145 and 146. RhTPP(Ph)4CI 145. (48 mg, 42% yield). R/ = 
0.12 (hexane: CH2Cl2 = 2: 1). !H NMR( 250 MHz, CDCl3) 6 5.46 (t, 2 H, 7/ = 6.7 
Hz，72 = 7.2 Hz)，6.48 (d, 2 H，J = 7.5 Hz), 6.84-7.24 (m, 32 H), 7.57 (bs, 4 H), 
7.80 (bs, 4 H), 8.39 (s, 4 H). Anal. Calcd for RhC68H44N4Cl .3H2O: C, 73.61; H, 
4.54; N, 5.05. Found: C, 73.80; H, 4.60; N, 5.21. UVA^is >^ max (CH2Cl2, nm, loge): 
436.0 (5.08), 545.0 (4.13)，582.0 (3.49). FABMS (matrix: NBA) m/e: 1020 (M+-C1). 
RhTPP(Ph)47nPhCN 144. (26 mg, 21% yield). R/= 0.48 (hexane: CH2Cl2 = 2: 
1). lH NMR (500 MHz，CDCl3) 6 1.03 (t, 3 H，J = 6.9 Hz), 1.07 (s, 1 H)，1.09 
(d, 1 H, J = 9.3 Hz), 3.38 (q, 2 H, J = 6.7 Hz), 5.05 (t, 1 H, J = 7.8 Hz), 5.64 (d, 
1 H, J = 7.5 Hz), 6.70-6.82 (m, 17 H), 7.02-7.21 (m, 15 H), 7.58 (d, 4 H, J = 7.4 
Hz), 7 .74 (d, 4 H, J = 7.2 Hz), 8.31 (s, 4 H). Anal. Calcd for 
RhC75H48N5 C2H5OH: C, 79.17; H, 4.66; N, 5.99. Found: C, 78.86; H, 4.60; N, 
5.94. F A B M S (matrix: N B A ) m/e: 1122.1 (M++1). UV/Vis >^ max (CH2Cl2, nm, 
l o g e ) : 426.0 (5 .13) , 531 .0 (4.20). IR(f i lm) v c N ( c m " i ) : 2222. 
R h ( C N H P h ) T P P ( P h ) 4 146. (6 mg, 48% yield). R/= 0.86 (hexane: CH2Cl2 = 1: 
, . 1 5 � I 
m 翻 
^ ^ * 
2). lH N M R (250 MHz, CDCl3) 8 2.94 (d, 2 H, J = 7.9 Hz), 3.50 (bs, 1 H) 6.21 (t, 
2 H, J = 7.8 Hz), 6.59 (t, 1 H, J = 7.4 Hz), 6.81-6.93 (m, 21 H), 7.07-7.23 (m, 11 
H), 7.62 (d, 4 H, J = 7.4 Hz), 7.70 (d, 4 H, J = 7.0 Hz), 8.28 (s, 4 H). Anal. Calcd 
for RhC75H50N5 H2O: C, 78.87; H，4..62; N, 5.91. Found: C, 78.87; H，4.59; N, 
I 6.13. F A B M S (matrix: N B A ) m/e : 1124 (M+). UV/Vis Xmax (CH2Cl2, nm, loge): 
J 425.0 (4.92)，531.0(4.01)，644.0 (3.03). IR(film) vcNH ( c m ] ) : 1462, 1727, 3390. 
^^•1 .:• •!>• V f^, 
..K 
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( 2， 3， 1 2， 1 3 - T e t r a k i s - p h e n y l - 5 , 1 0，1 5，2 0 - t e t r a m e s i t y l p o r p h y r i n ) ( 3 -
c y a n o p h e n y l ) r h o d i u m ( I I I ) C h l o r i d e (148) a n d ( 2， 3， 1 2， 1 3 - t e t r a k i s -
p h e n y l - 5 , 1 0， 1 5， 2 0 - t e t r a m e s i t y l p o r p h y r i n ) ( 3 - c y a n o p h e n y l ) r h o d i u m 
(III) (147). H2TMP (Ph )4 (90 mg, 0.083 mmol) and RhCl3 .3H2O (60 mg, 0.207 
mmol) were refluxed in PhCN (15 mL) in air for 48 hours. After removal of the 
• 
solvent, the reaction mixture was purified by chromatography using a solvent mixture 
of CH2Cl2/ hexane (1: 1) as the eluent and the different fractions were collected for 
147 and 148. R h T M P ( P h ) 4 C l 148. (43 mg, 42% yield). R/ = 0 .10 (hexane : 
C H 2 C l 2 = 1： 2). lH NMR (250 MHz，CDCl3) 6 1.81 (s, 12 H)，2.21 (s，24 H), 
6.48-6.62 (m, 8 H), 6.90 (s, 20 H), 8.42 (s, 4 H). UVA^is Xmax (CH2CI2, nm, log£): 
435.0 (5.27), 544.0 (4.91). HRMS calcd for RhC80H70N4Cl and RhC80H70N4Cl-Cl 
1224.4344 and 1189.4655, found 1224.3782 and 1189.4358. R h T M P ( P h ) 4 ' 
w P h C N 147. (45 mg, 42% yield). R/ = 0.36 (hexane: CH2Cl2 = 1： 2). lH NMR 
(250 MHz，CDCl3) 6 1.16 (d, 1 H, J = 6.2 Hz )，1.31 (s, 12 H), 1.92 (s, 12 H), 
2.25 (s, 12 H), 4.90 (1 H，t, J = 7.9 Hz), 5.09 (d, 1 H, J = 8.3 Hz), 5.55 (d, 1 H，J 
= 7 . 5 Hz), 6.55 (s, 8 H), 6.75-6.94 (m, 20 H)，8.76 (s, 4 H). UV/Vis ^max (CH2Cl2, 
1 • u 
5 nm loge): 427.0 (5.22), 533.0 (4.49). HRMS calcd for C87H72N5.H+ 1290.4921, « ， 
1 
I found 1290.4833. L-SIMS (matrix: NBA) m/e\ 1290.5 (M+). IR(film) vcN (cm"l): 
I 2223. 
I ( O c t a e t h y l p o r p h y r i n a t o ) (3 - cyanopheny l ) r h o d i u m ( I I I )Chlor ide (150) 
and (Octaethylporphyrinato) (3-cyanophenyl) rhodium (III) (149) H 2 O E P 
(60 mg, 0.112 mmol) and RhCl3.3H2O (59 mg, 0.225 mmol) were refluxed in PhCN 
！ - 151 I 
I 1 
(15 mL) in air for 72 hours. After removal of the solvent, the reaction mixture was 
purified by chromatography using a solvent mixture of CH2Cl2/ hexane (1: 1) as the 
eluent and the different fractions were collected for 150 and 149. RhOEPCl^^ 150. | 
(43 mg, 58% yield). Rf = 0.08 (hexane: CH2Cl2 = 1: 2 )• !H NMR (250 MHz, I 
CDCl3) 6 1.92 (t, 24 H, J = 7.5，7.5 Hz), 4.07-4.16 (m, 16 H), 10.1 (s, 4 H). | 
UV/Vis A^ max ( C H 2 C l 2 , nm, loge): 403.0 (5.16)，519.0 (4.4.18), 550.0 (4.45). | 
RhOEP mPhCN 149. (26 mg, 31% yield). R/ = 0.67 (hexane: CH2Cl2 = 1： 2 ). | 
lH NMR (250 MHz, CDCl3) 5 -0.22 (s, 2 H), 1.87 (t, 24 H, J = 7.5, 7.5 Hz), | 
3.93-4.13 (m，16 H)，2.25 (s, 12 H)，4.51 (1 H, t, J = 7.5, 7.5 Hz), 5.26 (1 H, s), | 
10.11 (4 H, s). Anal. Calcd for RhC43H48N5 • O .5C2H5OH: C, 69.46; H, 6.76; N, I 
9.20; Found: C, 69.88; H, 7.00; N, 8.37. UV/Vis Xmax (CH2Cl2, nm, loge): 393.0 | 
(5.21), 508.0 (4.43)，542.0 (4.83). EIMS m/e : (M+) 738.3. IR(film) VcN (cm_l): I 
2221. I 
(2，3，5，7, 8，10，12，13，15，17，18，20-DodecaphenyIporphyrinato) | 
(3-cyanophenyl)rhodium (III)Chloride (152) and (2，3，5，7，8，10，12， | 
1 3，1 5，1 7，1 8，2 0 - D o d e c a p h e n y I p o r p h y r i n a t o ) (3-cyanophenyl) I 
rhodium (III) (151) H2TPP(Ph)8 (72 mg, 0.059 mmol) and RhCl3.3H2O (31 mg, | 
0.118 mmol) were refluxed in PhCN (15 mL) in air for 36 hours. After removal of the I 
solvent, the reaction mixture was purified by chromatography using a solvent mixture I 
of CH2Cl2/ hexane (1: 1) as the eluent and the different fractions were collected for I 
151 and 152. R h T P P ( P h ) s C l 152. (36.7 mg, 46% yield). R/ = 0.08 (hexane : | 
CH2Cl2 = 1： l).lH NMR (250 MHz, CDCl3) 6 6.12-6.23 (m, 32 H), 7.06 (ms, 8 | 
H). UV/Vis A,max (CH2Cl2, nm, log8): 450.0 (5.35), 552.0 (4.75). HRMS calcd for | 
RhC92H62N4Cl 1360.3718, found 1360.3330. R h T P P ( P h ) 8 . m P h C N 151. (28 | 
mg, 33% yield). R/ = 0.33 (hexane: CH2Cl2 = 1： 1). ^H NMR(250 MHz, CDCl3) 6 | 
2.10 (d, 1 H, J = 6.6 Hz), 2.15 (s, 1 H), 5.42 (t, 1 H, J = 8.3, 8.3 Hz), 6.02 (d, 1 | 
H, J = 7.7 Hz), 6.43 (ms, 52 H)，7.18 (d, 4 H, J = 7.8 Hz), 7.36 (d, 4 H, J = 6.9 | 




I C , 80.76; H, 4.76; N, 4.65. UV/Vis ^max (CH2Cl2, nm, Ioge): 447.0 (5.25)，553.0 
(4.65), 587.0 (4.56). L - S I M S (matrix: N B A ) m/e : 1426.4 (M+). IR(film) v c N (cm" 
1): 2223. 
T|-1, 3-Benzenitril [2，3，7, 8，12，13, 17，18-octaphenyl-5, 10，15，20-
tetramesityl-porphyrin]rhodium(III)Chloride (154) and [2，3，7，8，12， 
13, 17, 18-octaphenyl-5, 10，15，20-tetramesi tyI-porphyrin] (153) 
H2TMP(Ph)8 (100 mg, 0.072 mmol) and RhCl3.3H2O (37.9 mg, 0.144 mmol) were 
refluxed in PhCN (15 mL) in air for 16 hours. After removal of the solvent, the reaction 
mixture was purified by chromatography using a solvent mixture of CH2Cl2/ hexane (1: 
1) as the eluent to form 153. After received 153，CHCl3 was changed to eluent, the red, 
slowly move band 1 5 4 was collected. R h T M P ( P h ) 8 C I 154. (25.3 mg, 23 % yield). 
Rf = 0.12 (CHCl3). l H N M R (250 MHz, CDCl3) 6 1.69 (s, 12 H), 1.82 (s, 12 H), 
1.98 (s, 12 H)，6 . 0 0 (m, 8 H), 6.67 (m, 32 H). LTWVis Xmax (CH2Cl2, nm，loge): 
449.0 (5.16)，552.0 (4.51). H R M S calcd for RhC104H86N4CI 1528.5596, found 
1528.4519. [RhTMP(Ph)8 .mPhCN]n 153. (43 mg, 38 % yield). R/ = 0.32 
(CH2CI2： hexane = 1: 1). !H N M R (500 MHz, CDCl3) 6 1.67 (s, 12 H), 1.85 (s, 12 
H), 1.87 (s，12 H), 2.23 (d, 1 H, J = 8.5 Hz), 2.27 (s, 1 H) 5.34 (t, 1 H, J = 7.9 Hz), 
5.97-6.00 (m, 9 H), 6.34 (d, 8 H, J = 7.5 Hz), 6.34-6.72 (m, 32 H). l 3 c N M R (125.8 
MHz, C D C l 3 ) 21.3，22.42，121. 4，125.5, 126.3，128.2，128.3，129.6，130.1’ 135.1, 
135.8，136.7，138.1, 139.1, 139.2, 143.5，146.8. T O F M S (matrix: dithranol): 1591 
(M++2). Anal. Calcd for RhC104H84N4(C7H4N).2H2O: C 82.06, H 5.71，N 4.31; 
Found C 82.21, H 5.55, N, 4.28. UV/Vis Xmax (CH2Cl2, nm, loge): 445.0 (5.09), 
548.0 (4.22). IR(film) VcN ( c m ] ) : 2259, 2238, 2225. 
2，4，6-Triphenyl-l, 3，5-triazine (155), (93% y i e l d ) . R / : 0.86 (hexane: 
CH2Cl2 = 2 : 1); lH N M R (500 MHz, CDCl3) 6 7.56 (dd, 9 H, J = 6.7 Hz), 8.75 (d, 
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1 
A p p e n d i x 
The shapes of Soret bands can be explained by the simple point-dipole exciton 
coupling theory developed by Kasha. The oblique transition dipoles in a composite 
double molecule lead to the excition energy diagram shown in Figure 68 . In this case, 
the in-phase arrangement of transition dipoles for the monomer is attractive and leads to 
a lowering of energy, and the out-of-phase arrangement of transition dipoles is 
repulsive and causes a raising of the excited state energy for the composite molecule. 
The transition moments for electric dipole transitions from the ground state to the 
exciton states of the dimer are in this case both non-vanishing. Characteristic of the 
exciton model, the oscillator strengths/ and/ ' for transitions to the two exciton states 
are polarized mutually perpendicularly. 
4k 
h ^ 
^ ^ ^ E " K 
^ y - - K 4 V 
G ~ L _ L 
Monomer Dimer Dipole 
levels levek phase 
reaction 
Band-splitting case 
丨 Figure 68 • 
； — 1 5 7 I 
1 1 
i 
The exciton splitting energy, corrseponding to the separation E = E"-E', is 
given by: 
^ = 2 � l ( c o s a + 3 COS^0) 
r j i uv 
where M is the transition moment for the single-single transition in the monomer, ruv is 
the center to center distance between molecules u and v, a is the angle between 
polarization axes for the component absorbing units and 0 is the angle made by the 
polarzation axes of the unit molecule with the line of molecular centres. The transition 
moments to the excition states E' and E" are given by: 
M' = V ( 2 M c o s 0) 
M " = V ( 2 M s i n 0 ) 
i 
Thus, the exciton splitting energy is directly related to the square of the 
transition moment for the component molecules. The greater the intensity of light 
absorption in the unit molecule, the greater is the exciton band splitting. The square of 
the transition moment M is a measure of the oscillator strength/ for the transition. 
Kasha, M.; Rawls, H. R.; El-Bayoumi, M. A. Pure & Appl. Chem. 1965, II, 371. 
j 
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